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FOREWORD 


This  Summary  Technical  Report  (Contractor's  Reference  No.  PWA-3138) 
was  prepared  by  Pratt  &  Whitney  Aircraft,  Division  of  United  Aircraft 
Corporation,  East  Hartford,  Connecticut,  as  the  final  report  under  United 
States  Air  Force  Contract  No.  AF33 (615)-5129 ,  as  amended  by  SA3 (68-1825) , 
dated  16  February  1968.  This  Contract  was  initiated  under  Project  7381, 
"Materials  Applications",  Task  738107,  "Detection,  Prevention  and  Control 
of  Corrosion".  The  work  was  administered  by  the  Air  Force  Materials 
Laboratory,  Air  Force  Systems  Command,  USAF,  with  Mr.  George  M.  Yoder  as 
Project  Monitor. 

This  report  covers  work  conducted  from  1  June  1966  through  1  July  1968. 

The  authors  were  associated  with  the  Contract  work  in  the  following 
capacities:  J.  J.  O'Connor,  as  Assistant  Project  Engineer,  was  Program 
Manager  and  P.  A.  Vozzella  was  the  responsible  Metallurgical  Engineer. 

Other  personnel  associated  with  the  conduct  of  the  program  were  R.  A.  Doak, 
Project  Engineer;  P.  Grande,  Project  Metallurgist;  and  R.  Muszynski,  Non- 
Destructive-Test  Senior  Engineer. 


This  technical 


report  has  been  reviewed  and  is  approved. 


D.  A.  SHINN,  Chief 
Aeronautical  Systems  Support  Branch 
Materials  Support  Division 
AF  Materials  Laboratory 
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ABSTRACT 

Temperature-cycling  tests  were  conducted  on  specimens  of  ten  alloys  repre¬ 
sentative  of  materials  In  current  use  In  high-speed  aircraft.  Half  of  the  speci¬ 
mens  were  welded  and  half  were  of  one-piece  construction  with  a  braze-materlal 
patch.  All  apeolmens,  with  the  exoeptlon  of  some  controls,  bad  salt  patches 
extending  over  the  welded  or  brazed  regions.  The  speolxnens  were  tested  under 
oonstant  load  during  temperature  oyollng.  The  test  oondltlons  were  such  as 
oould  result  in  oorroalon  i.nd  consequent  degradation  of  meohanlcal  properties 
of  the  alloy*.  Subsequent  to  environmental  exposure,  room -temperature  tensile 
teete  were  performed,  to  determine  the  degree  of  alloy  deterioration,  Non¬ 
destructive  methods  of  tnspeatlon  were  evaluated  and  found  to  be  tneffeotlve  for 
detecting  the  Inolplent  oorroalon  whloh  was  enoountered.  Analyses  of  che 
environmental-test  data  were  oonduoted  and  th.j  relative  influence  of  combina¬ 
tions  of  exposure  conditions  on  the  production  of  oorroalon  in  speotmens  was 
ascertained.  Design  limits  are  presented  for  all  the  materials  which  were 
Investigated.  It  was  not  possible  in  this  program  to  evaluate  the  capability  of 
welding  or  brazing  for  reatorlng  tho  meohanlcal  properties  of  al'oys  after  suoh 
properties  have  been  degraded  by  corrosion.  Recommendations  are  made  as 
to  the  dtrectloni  whloh  any  further  Investigations  into  the  corrosion  phenomenon 
should  take, 


This  abstract  Is  subject  to  special  export  oontrols  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  approval 
of  the  Air  Force  Materials  Laboratory  (MAAA),  Wrlght-Patterson  AFB,  Ohio. 
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Showing  Looatlon  of  Rupture.  (Environ¬ 
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a  alt  i  duration!  10  oyolee)  . . 

Braaed  Speolmen  A-ai  After  Tensile  Teat. 

Fraotum  Burfaoe  Bhowa  Type-(1)-Salt- 
Oorroalon  Indication  (arrow).  (Environ¬ 
mental-tea  t  oondltlonai  800F,  117  kal, 
aalti  Airatlom  S3  oyclei)  . . 
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03  oyolaa)  .  .  .  .  .  .  .  i  .  .  .  .  .  .  < 

Brarad  Speolmen  A-30  After  Tenalle  Teat 
Showing  Corroalon  Indication  (Arrow)  on 
Fracture  Surfaoe,  (Envlronmantal-teat 
oondltlonai  BOOT,  117  kal,  no  aalti  duration) 

(13  oyolea 
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urarea  speoimen  A-30  Alter  Tensile  Teat. 
Photomicrograph  of  Section  Through  Frao- 
tura.  (Envlronmental-tost  condition*;  SOOF, 
117  kal,  do  aalt;  duration;  OS  oyolaa) . 

Brated  Specimen  B-32  Prior  to  Tanalle 
Teatlng.  Note  Separation  of  Brato  (Arrow) 
from  Parant  Metal.  (Environmental- teat 
conditional  SOOF,  117  kal,  aalt;  duration: 

03  oyolea) . . 

Braied  Speoimen  B-33  Prior  to  Tenalle 
Teatlng.  Note  Separation  of  Braae  (arrow) 
from  Parent  Metal.  (Envlronmental-teet 
conditional  800F,  130  kal,  ealti  duration; 


Braaed  Speoimen  081  After  Tenalle  Teit, 

Showing  Looatton  of  Rupture.  (Environmental* 
teot  oondltlonai  SOOF,  180  kit,  ealti  duration! 
oyolea)  .............11.1.1.1,11,1,11 

Braied  Speoimen  0*81  After  Tenalle  Teat, 

Arrow  Potnta  to  Onok  at  Fraoture  Origin. 
(Environmental-teat  ooadttlonn  SOOF,  130 
kal,  ealti  durattom  33  oyoloi) . . . 

Braaed  Speoimen  0-84  After  Tenalle  Teat. 

Arrow  Points  to  Dlaooloratlun  on  Fracture 

Surfftoe.  (Environmental-teat  oondltlonai 

QOOF,  iso  kal,  aalti  duration!  S3  oyolea) . 

Braaed  Speoimen  0-84  After  Tenrlle  Teat. 

Arrowa  Point  to  Craoka  In  Dark  Stained 
Area.  (Environmoiital-teit  oondltlonai 
(100F,  160  kal,  ealti  duratlom  03  oyolei) . 

Nrcuod  Speoimen  C-34  After  Tenalle  Teat. 
Photomicrograph  Through  Crack  In  Dark 
Stalnod  Area  Shown  In  Previous  Figure. 
(Envlronmontul-teet  conditional  QOOF,  ion 
kel,  ealti  duration!  03  oyoloi) . 
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Brazed  Specimen  C-29  After  Tensile  Test. 

Arrow  Point*  to  Discoloration  on  Fraoture 
Surfaoe.  (Envlronmental-tesi  conditions: 

800F,  130  ksl,  no  salt;  duration:  63  cycles) . 

Brazed  Specimen  C-30.  Failed  During  55th 
Cycle.  Arrow  Points  to  Discoloration  on 
Fracture  Surface.  (Envlronmenta’-teBt  con¬ 
ditions:  800F,  130  ksl,  no  salt;  scheduled 
duration:  03  cycles) . 

Brazed  Specimen  C-29  After  Tensile  Test. 

Arrow  Points  to  One  of  the  Craoks  In  the 
Stained  Area.  (Envlronmental-teBt  con¬ 
ditions:  800F,  130  kit,  no  salt;  duration: 

83  cycles)  . 

Brazed  Speolmen  C-30.  Failed  During  55th 
Cyole.  Arrows  Point  to  Cracks  in  the  Stained 
Area.  (Environmental-test  conditions:  80OF 
130  kslt  no  salt;  scheduled  duration:  63  cyoles),  .  .  , 

Drazod  Speolmen  C-30.  Failed  During  56th 
Cycle.  Photomicrograph  Through  Craoks  In 
Stained  Area  Shown  In  Previous  Figure. 
(Environmental-test  conditions:  800F,  130 
ksl,  no  salt;  scheduled  duration:  63  cycles).  . . 

Brazed  Speolmen  C-29  After  Tensile  Test. 

Showing  Location  of  Rupture.  (Environ¬ 
mental-test  conditions:  800F,  130  ksl. 
no  salt;  duration:  63  cyoles) . 

Brazed  Speolmen  C-30,  Showing  Location 
of  Failure.  Failed  During  55th  Cycle. 
(Environmental-test  conditions:  800F,  130 
ksl,  no  salt;  scheduled  duration:  03  cyoles) . 

Brazed  Specimen  D-21.  Failed  During  2nd 
Cyole.  Arrow  Points  to  Crack.  (Environ¬ 
mental-test  conditions:  800F,  148  ksl,  salt; 
soheduled  duration;  63  cyoles) . 
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Brazed  Specimen  D-30,  Failed  Daring  1st 
Cycle.  Cracks  Confined  to  Stained  Regions 
(indicated  by  brackets)  on  Side  Opposite 
Braze.  (Environmental-test  conditions: 

800F,  148  ksl,  no  salt;  scheduled  duration: 

03  cycles) . . . 

Brnzod  Specimen  D-29.  Failed  During  2nd 
Cycle.  Photomicrograph  Through  Cracked 
Area.  (Environmental-test  conditions: 

800F,  148  ksl,  no  salt;  scheduled  duration: 

63  cycles)  .  . 

Brazed  Specimen  D-30.  Failed  During  1st 
Cycle.  Photomicrograph  Through  Cracked 
Area.  (Environmental-test  conditions:  800F, 

148  ksl,  no  salt;  scheduled  duration:  63  cycles)  .  .  .  . 

Brazed  Specimen  D-34.  Failed  During  2nd 
Cycle.  Arrows  Point  to  Discolorations  on 
Fracture  Surface.  (Environmental-test  con¬ 
ditions:  800F,  148  ksi,  salt;  scheduled 
duration:  19  cyoles) . 

Brazed  Specimen  D-30.  Failed  During  1st 
Cyole.  Arrows  Point  to  Dlsooloratlons  on 
Fracture  Surface.  (Envirunmental-test 
conditions:  800F,  148  ksi,  no  salt;  scheduled 
duration:  63  oycles) . 

Welded  Speoimen  E-6.  Failed  During  9th 
Cycle.  Failure  Oocurrea  Outside  of  Weld 
Region,  Note  Roduoed  Gage  Section  Above 
and  Below  Marked  Weld  Region.  (Environ¬ 
mental-test  conditions:  2000F,  2  ksi,  salt; 
scheduled  duration:  19  cycles) . .  .  .  , 

Photomicrographs  of  Welded  Specimens  E-l 
(top)  and  E-14  (bottom).  Specimen  E-l  Rup¬ 
tured  ir.  00  cycles,  E-14  Survived  03-Cycle 
Exposure.  (Environmental-test  conditions: 

200CF,  1  ksl,  E-l  with  anlt,  E-14  without 

salt;  scheduled  duration;  63  cycles) . .  .  . 


55  Brazed  Specimen  E-21.  Testing  Terml- 
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on  Surfaoe.  (Environmental- teBt  condi¬ 
tions:  20CI0F,  1  ksl,  salt;  scheduled  dura¬ 
tions  63  oyoles) . 

56  Brazed  Specimen  E-29.  Testing  Termi¬ 
nated  After  40  Cycles.  Slgnlfloantly  More 
Braze  Material  Remaining  Than  on  Salted 
Specimen  Shown  In  Previous  Figure. 

(Environmental- test  conditions:  2000F,  l 

ks  1,  no  salt;  scheduled  duration:  63  cycles) . 

57  Photomicrographs  of  Brazed  Specimens 
E-21  (top)  and  E-29  (bottom)  After  Tensile 
Test.  Testing  Terminated  After  40  Cycles. 
(Environmental-test  conditions:  20OOF,  l 
kali  E-21  with  salt,  E-29  without  salt; 

scheduled  duration:  63  cycles) . 

58  Welded  Specimen  F-2.  Failed  During  58th 

Cyole.  Failure  Ooourred  Outside  of  Weld 
(Indicated  by  brackets).  Note  Extensive 
Stress-Rupture  Cracking.  (Environmental - 
test  conditions!  1800F,  3  ksl,  salt)  sched¬ 
uled  duration:  63  oyclas) . 

59  Welded  Specimen  F-2.  Failed  During  58th 
Cyole.  Note  Extensive  Stress-Rupture 
Cracking.  (Environmental-teat  conditions: 

1800F,  3  ksl,  salt:  scheduled  duration:  63 

oyoles)  . 

60  Control  Specimen  F-19  (no  weld).  Failed 

During  61st  Cyole.  Note  Extensive  Stress- 
Rupture  Cracking.  (Environmental-test 
conditions:  1800F,  3  ksl,  no  salt;  sched¬ 
uled  duration:  63  oyolea) . 

61  Control  Speolmen  F-20  (no  weld).  Failed 

During  61st  Cycle.  Note  Extensive  Strees- 
Rupture  Cracking.  (Environmental-test 
conditions:  1800F,  3  ksl,  salt;  scheduled 
duration;  63  oyoles) . 
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Photomicrographs  of  Welded  Specimens 
F-2  (top)  and  F-9  (bottom).  Specimen  F-2 
Failed  Curing  58th  Cycle,  F-9  Completed 
G3  Cycles.  Note  More  Extensive  Cracking 
In  SpdulUieii  F-2.  (Environmental- test 
conditions:  1800F,  3  kai,  F-2  with  salt, 

F-9  without  salt;  scheduled  duration:  63 
cycles) . 

Welded  Specimen  F-l  After  Tensile  Test. 
Fracture  Occurred  Outside  the  Wold  Region 
(bracketed).  (Environmental-test  conditions: 
1800F,  3  ksi,  salt;  duration:  G3  cycles) . 

Welded  Specimen  F-l,  Discoloration  on 
Periphery  of  Fraoture  Surface.  (Environ¬ 
mental-test  conditions:  1800F,  3  ksl,  salt) 
durution:  63  oyolei) . .  . 

Brazed  Specimen  F-22  After  Tensile  Test. 
Arrow  Points  to  Discoloration  on  Fraoture 
Surfaoe.  (Environmental-teat  conditions: 
1890F,  3  ksl,  salt;  duration:  63  oycles).  ,  ,  .  .  , 

Brazed  Specimen  F-20  After  Tonstle  Test. 
Arrow  Points  to  Discoloration  on  Fraoture 
Surfaoe,  (Environmental-test  conditions: 
1800F,  4  kai,  salt;  duration:  19  oyoles), ,  ,  ,  ,  , 

Brazed  Speolmen  F-22  After  Tsnaile  Test, 
Showing  Location  ot  Rupture.  (Environmental- 
teat  oondltlona:  1800F,  3  kai,  salt;  duration: 

03  oyoles)  . . .  . . 

Photomicrograph  of  Brazed  Speolmen  F-29 
After  Tensile  Test,  Showing  Location  of 
Rupture.  (Environmental-test  conditions: 
180QF ,  4  ksi,  salt;  duration:  19  cycles) . 

Brazed  Specimen!  F-22  (top)  and  F-37 
(bottom).  Photomicrographs  of  Seotions 
Adjacent  to  Fraoture  Surfaces.  (Environ¬ 
mental-test  conditions:  1800F,  .3  ksl,  F-22 
with  salt,  F-37  without  salt;  durntioni  03 
cycles) . . . 
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Brazed  Speolmen  F-24.  Failed  Daring 
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Seotlon  Adjacent  to  Braze.  (Envlronmental- 
t*»«t  conditions:  1600F,  13  k*l,  salt;  sched¬ 
uled  duration:  63  oyclea) . 

Welded  Specimen  G-1S.  Failed  During 
53 at  Cycle.  (Environmental- teat  oondiUone: 
1900F,  3  kel,  salt;  ichedulod  duration:  63 
cyolei) . 

Welded  Specimen  Q-0,  Failed  During  15th 

Cycle.  (Envlronmental-teit  oondltlonei 
1900F,  5  k«l|  aalt;  ■cheduled  duration:  19 
oyolee)  . . . . 

Welded  Speolmen  0-9.  Failed  During  33rd 
Cyole.  (Envlronmental-teit  oondltlonei 
1900F ,  3  kal ,  no  eolti  aoheduled  duration! 

63  oyolee)  . . 

Photoralcrographi  of  Welded  Speotmeni 
O-i  (top)  and  G-e  (bottom).  Speolmen  G~1 
Foiled  In  48th  Cyole,  0-9  In  the  33rd  Cycle. 
(Environmental-teat  oondltlonei  1900F, 

3  kiU  0-1  with  aalt,  0  j  without  ealti 
eoheduled  duration!  63  oyolee)  ........... 

Welded  Speolmen  0-3.  Photomlorogreph 
Showing  Sulfide  Particle*  (arrow)  in  Croee- 
Section  Through  Salt  Region.  (Envtronmen- 
tal-teet  oondltlonii  1800F,  84  kel,  jalti 
duratloni  63  oyolee) . .  .  .  .  . 

Photomlorogreph  of  Brand  Spaolmana  0- 
21  (top)  end  037  (bottom).  Specimen  G-21 
Felled  In  43rd  Cyole,  0-37  In  4Qth  Cycle. 
(Environmental-teat  oondltlonii  1900F, 

3  kal,  0-21  with  aalt,  a-37  without  eulti 
eoheduled  duratloni  03  oyulee)  . . .  . 

Photomlcrographi  of  Braced  Spoolmeni 
0-23  (top)  and  0-32  (bottom)  After  Tenatle 
Teat.  (Environmental-teet  oondltlonei  1600K, 
24  kal,  0-23  with  salt,  U-32  without  aalt) 
duratloni  63  oyolee) . . 
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78  Photomicrographs  of  Welded  Speci¬ 
mens  H-2  (top)  and  H-1S  (bottom) 

After  Teusile  Teat,  (Environmental 
exposure!  1?00F,  30  ksi,  H-2  with 
salt,  H- 13  without  salt;  duration:  63 

cycles)  •  . . 

79  Welded  Specimen  H-2  After  Tensile 
Test,  Showing  Hupture  Location. 

(Environmental-test  conditions:  1200F, 

30  ksi .  salt;  duration:  fi3  cycles) . 

80  Photomicrographs  of  Braced  A-286 
Speolmens  After  Tensile  Test.  Note 
Ssvere  Craoks  (arrows)  In  Salted, 

Erased  Area  of  Sample  H-24  (top) 
and  Sound  Brace  in  Unealtad  Sample 
H-88  (bottom),  (Environmental- 
test  conditions i  120OF,  SO  kst|  dura¬ 
tion:  S3  oyoles)  *  *«  «...  ..  ••  ••  *•.  •...  •  •  ,«  « 

61  Braced  Specimen  H-34  After  Tensile 
Teat,  Showing  Looatton  of  Rupture, 
(Environmental-test  conditions:  1200F, 

36  ksi,  salt!  duration:  19  oyoles). . .  .  .  , 

62  Welded  Spsoimen  1-9  After  Tensile 
Tut,  Showing  Rupture  Locution. 

(Environmental-teit  conditions: 

800F,  83  ksi,  salt)  duration’  19  oyoles) 

83  Braced  Specimen  I-3G  After  Tensile 
Test,  Showing  Looation  of  Itupturs. 
(Envlronmentnl-teet  ooudltlona:  POOF, 

83  ksi,  salt;  duration:  19  cycles).  . . 

84  Welded  Specimen  J-4,  Fracture  Surface 
After  Failure  During  2nd  Cycle.  (Envl- 
ronmsntal-teit  conditions:  1000F, 

6  ksi,  salt;  soheduled  duration:  63 

oyoles)  . . . . 


hA3«  NO 


XV 


86  Welded  Specimen  J-3.  Fulled  During 

let  Cyole  at  Waspaloy  -  TD-Niokel 
Interfaces.  (Environmental-test 
oondlttone:  1800F,  6  kal,  salt;  sched¬ 
uled  duration:  88  cycles) . 

86  Wwlded  Specimen  J-19.  Photomicro¬ 

graph  of  Section  Through  Weld  and 
Parent  Metal.  (Specimen  not  subjected 
to  environmental  test) . 

87  Brazed  Spaotmen  J-21.  Failed  During 
32nd  Cycle.  Note  Extensive  Metal  Loss 
in  Brazed  Area  (braoket).  (Environ¬ 
mental-teat  conditional  20Q0F,  4  kali 
aalti  scheduled  duration!  63  oyclee)  •  . 

88  Brazed  Speolmen  J-20.  Failed  During 

10th  Cyole.  Note  Metal  Lobs  in  Brazed 
Area  (braoket).  (Environmental- 
test  oondltionii  2000F,  8  keij  salt) 
scheduled  duration!  19  oyolee)  . 

86  Brazed  Speotmen  J-21.  Failed  During 

sand  Cyole.  Note  Heavy  Oxide  Scale 
(Arrow)  and  Brass  Depletion  (braoket). 
(Environmental-test  oondlttone i  2000F, 

4  kal.  aalti  scheduled  duration!  83 

oyolee) . . . 

80  Brazed  Specimen  J-29.  Failed  During 

18th  Cyole.  Note  Metal  Lois  at  Braze  - 
Parent-Metal  Interface  (arrow).  (Envi¬ 
ronmental-test  oondltloua:  2000F,  4  kal, 
no  aalti  scheduled  duration!  63  oyclee) . 

91  Photomicrographs  of  Brazod  Speotmen 

J-29.  Failed  During  15th  Cyole.  Note 
Extensive  Oxidation  at  Braze  -  Parent- 
Metal  Interface  (arrow,  top  photo)  and 
Degradation  of  Alloy  Under  Braze  (bracket, 
bottom  photo).  (Envlronmentol-toet 
condition*!  2000F,  4  kal ,  no  salt; 
scheduled  duration:  63  cycles) . 
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Non-Brazed  Control  Specimen  J-39 
Prior  to  Tensile  Testing.  Note  Ex¬ 
tensive  Oxidation  and  Cracking.  (En¬ 
vironmental-test  conditions:  2000F, 

4  ksl,  no  salt;  duration:  63  cycles)  .  . 

93  Brazed  Specimen  J-23  Prior  to  Tensile 

Testing.  Note  Light  Scaling  at  Brazo  - 
Parent-Metal  Interface  (arrows). 
(Environmental-test  conditions:  1600F, 
8  ksl,  salt;  duration;  G3  cycles)  .... 
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Summary  Technical  Report 
on  the 


EVALUATION  OF  WELDED  AND  BRAZED 
STAINLESS  STEELS  AND  SUPERALLOYS 
IN  A  CORROSIVE  ENVIRONMENT 


I 

INTRODUCTION 


Welding  and  brazing  of  subsonic-aircraft  metal  structural  members  and 
engine  components,  both  as  means  of  fabrication  and  as  methods  for  repair  of  4 
damaged  or  worn  parts,  are  techniques  which  were  long  ago  proved  acceptable 
by  extensive  laboratory  and  flight  experience  under  realistic  environmental  con¬ 
ditions  for  such  aircraft.  When  aircraft  with  Mach-3  capability  were  designed, 
the  designers*  in  their  selection  of  materials,  necessarily  relied  heavily  on  the 
subsonic-  and  low -supersonic -aircraft  experience.  This  was  because  very  few 
evaluations  of  welded  and  brazed  materials  had  been  made  under  controlled  lab¬ 
oratory  conditions  which  simulated  environmental  conditions  featuring  marine 
atmospheres,  high  stresses,  and  elevated  temperatures,  such  as  Mach-3-air- 
craft  components  were  expected  to  encounter. 

Although  Mach-3  aircraft  have  seen  some  service,  very  little  flight  time 
has  thus  far  been  lof  ^ed,  and  the  very  limited  quantity  of  data  which  has  been  ob¬ 
tained  on  the  serviceability  of  welded  and  brazed  stainless-steel  and  superalloy 
components  has  been  characterized  by  very  wide  scatter.  The  data  have  clearly 
been  insufficient  to  establish  reliability  and  substantiate  theory  pertaining  to 
structural  capabilities  of  such  components  when  subjected  to  severe  operating 
conditions. 

The  United  States  Air  Force  Systems  Command  felt  that  the  behavior  of 
welded  and  brazed  stainless  steels  and  superalloys,  of  the  types  used  in  Mach-3 
aircraft  and  aircraft  engines,  should  be  investigated  under  simulated  marine-type 
environmental  conditions  while  being  exposed  to  elevated  temperatures  and  severe 
stresses.  The  data  obtained  from  such  an  investigation  would  be  useful  in  estab¬ 
lishing  the  reliable  service  lives  for  components  fabricated  or  repaired  by  the 
joining  methods  under  discussion. 
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The  Contract  provided  that  the  primary  objective  of  the  program  was  to  de¬ 
termine  if  welding  and  brazing  have  any  detrimental  effects  on  the  strength  and 
corrosion-resistance  properties  of  certain  alloys  specified  therein  after  prolonged 
periods  of  exposure  to  extremely  adverse  environmental  conditions.  The  extent 
of  any  degradation  of  the  specimens'  mechanical  properties  was  to  be  measured 
and  means  for  detecting  non-destructively  any  defects  resulting  from  the  exposure 
were  to  be  evaluated.  This  summary  technical  report  reviews  the  Contractor's 
work  under  the  Contract  and  discusses  the  results  obtained  from  conducting  the 
environmental-test  program . 
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II 


MATERIAL  SELECTION 

Ten  alloys,  of  the  types  currently  in  use  in  Mach-3  aircraft  and  aircraft 
engines,  were  investigated.  Their  designations  and  chemical  compositions  are 
presented  in  Table  I  and  their  mechanical-properties  acceptance  data  are  pre¬ 
sented  in  Table  II. 

Representative  applications  of  the  ten  alloys  are  listed  in  Table  III.  The 
materials  are  used  primarily  in  regions  of  airframe  or  power  plant  where  high 
stresses  and/or  severe  temperatures  prevail  under  operating  conditions  for 
supersonic  aircraft. 

All  of  the  materials  were  procured  as  annealed  sheet-stock.  The  condition 
of  each  alloy  prior  to  its  being  welded  or  brazed  is  indicated  in  Table  IV.  » 
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DESIGNATIONS ,  SOURCES,  HEAT  CODES,  THICKNESSES,  AND  CHEMICAL 
COMPOSITIONS  OF  MATERIALS  USED  FOR 
ENVIRONMENTAL-TEST  SPECIMENS 
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MATERIAL  ACCEPTANCE  DATA 


TABLE  m 


REPRESENTATIVE  APPLICATIONS  FOR  MATERIALS 
INVESTIGATED  IN  CORROSION  PROGRAM 


Material 


Representative  Applications  In  Buperaonlo  Alroraft 


AM  380 
AM3SB 
PH15-7  Mo 

PH14-8MO 


Airframe  and  engine  atruotural  membere 
requiring  high  etrength  and  high  corroaton 
reatatance 


Haatelloy  X  Engine  structural  members  in  burner  and  turbine 

•notions 

Rene  41  Engine  structural  members  In  hlgh-pressure- 

o ompressor  and  diffuser  seotlons 


Udlmet  700  Turbine  blades 


A  888  Structural  members  |  turbine  dlsos 

Greek  Aaooloy  Oompreaaor  blades  and  vanes |  turbine  dlsos 
TD  Nlokel  Experimental  burner  hardware i  turbine  vanes 
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TABLE  IV 


MATERIAL  CONDITION  PRIOR  TO  WELDING  AND  BRAZING 


Material 

Condition 

AM  350 

19O0F  solution  anneal 

AM  355 

1DOOF  solution  anneal 

PH15-7MO 

16S0F  solution  anneal 

PH14-8MO 

18S0F  solution  anneal 

Haatelloy  X 

2150F  solution  anneal 

Rene  41 

1978F  solution  heat  treat 

Udtmet  700 

2130F  solution  anneal 

A  289 

1800F  solution  heat  treat 

Greek  Aaooloy 

Annealed 

TD  Nickel 

2000F  stress-relieved 

7/a 
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TEST-SPECIMEN  DESIGN  AND  FABRICATION 


Salt-coated  welded  and  brazed  joints  of  the  ten  materials  discussed  in  Section 
II  were  evaluated  In  the  form  of  specimens  subjected  to  laboratory  testing  under 
the  controlled  steady-state  loading  and  cyclic-temperature  conditions  which  are 
described  in  Section  V.  The  configurations  of  the  welded  and  brazed  specimens 
were  identical,  except,  of  course,  in  the  regions  of  weld  and  braze  application. 
Discussions  of  the  specimen  geometry,  the  process  controls  utilized,  the  initial 
and  intermediate  inspection  methods,  and  the  post-processing  heat  treatments 
follow. 


A.  Welded  Specimens 

The  welded  specimens  were  prepared  by  first  cutting  strips  of  each  material 
from  sheet.  Strips  of  the  same  material  were  then  paired  and  the  members  of  a 
pair  butt-welded  together  along  one  edge  to  form  a  panel.  The  only  exception  to 
this  procedure  applied  to  the  TD-Nickel  strips.  These  were  machined  to  have  mating 
edges  of  the  double- "V"-groove  type,  with  0. 020-to-0. 030-inch  lands,  so  that  the 
heat  input  to  the  metal  during  joining  would  be  as  low  as  possible  and  melting  of 
parent  metal  would  be  minimized.  TD  Nickel  is  a  thoria-dispersion-strengthened 
alloy  and  therefore  quite  difficult  to  weld  since  the  thoria  particles  are  essentially 
insoluble  in  the  matrix.  Should  significant  amounts  of  parent  metal  be  melted 
during  welding,  the  thoria  dispersoid  would  agglomerate  extensively,  causing 
severe  reduction  of  the  material's  mechanical  strength. 

The  welding  operation  was  performed  on  an  automatic  welding  machine  utiliz¬ 
ing  the  tungsten-inert-gas  (TIG)  process.  The  machine  is  shown  in  the  photo¬ 
graph,  Figure  1.  Where  a  filler  was  necessary,  parent  metal  was  used  for  all 
alloys  except  TD  Nickel.  Waspaloy,  an  alloy  characterized  by  high  strength  at 
elevated  temperatures  and  a  melting  point  lower  than  TD  Nickel,  was  selected  as 
the  filler  for  TD-Nickel  welds,  since,  as  previously  mentioned,  it  was  considered 
to  be  most  important  to  minimize  parent-metal  melting  and  thus  maintain  material 
strength.  All  welds  were  oriented  ninety  degrees  to  the  direction  in  which  the 
sheet  had  been  rolled.  The  weld  schedules  are  shown  in  Table  V  and  a  represent¬ 
ative  welded  panel  is  shown  in  Figure  2. 


Preceding  Page  Blank 
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Ftgurt  1 


TIG  Automata  Wilding  Maohtne 


(XP-71169) 


Flgura  3  AM-365  Waldtd  Sheit 


(XP-71108) 


After  welding,  all  joints  were  X-rayed  using  radiographic  techniques  which 
were  capable  of  produolng  a  penetrameter  sensitivity  of  at  least  two  per  cent. 
Only  joints  which  had  no  significant  radiographic  indications  (atroraft-quality- 
weld  standards)  were  accepted,  Acceptable  panels  were  heat-treated  In  accord¬ 
ance  with  the  schedules  shown  In  Table  V,  ground  to  have  uniform  thickness  as 
close  as  possible  to  one-sixteenth  inch,  and  relnspected  radiographically;  the 
grinding  operation  was  necessary  in  order  to  enable  accurate  computation  of  Im¬ 
posed  stresses  for  the  environmental  testing  and  of  mechanical  properties  follow¬ 
ing  that  testing. 


TABLE  V 

WELDING  PARAMETERS  AND  POST-WELD  HEAT  TREATMENTS  OF  WELD-TEST  SPECIMENS 
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The  last  two  atspa  taken  In  preparing  welded  ipeolmene  for  iho  environmental 
test  program  ware  the  machining  ot  each  panel  Into  eeveral  speotmene  with  the 
configuration  shown  by  the  top  sketch  In  Figure  3,  and  a  final  pre-envtronmental- 
test  inspection  of  the  finished  specimens,  A  photograph  of  a  typical  welded 
specimen  appears  in  Figure  4. 
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Figure  3 


Figure  4 
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B.  Brazed  Specimens 


Whereas  the  welded  specimens  were  fabricated  from  panels  formed  by  welding 
two  strips  of  a  given  material  together,  the  brazed  specimens  were  of  one  piece, 
with  a  layer  of  braze  alloy  superimposed,  as  shown  by  the  lower  sketch  in  Figure 
3  and  in  the  photograph,  Figure  4.  Dimensionally,  the  two  types  of  specimens 
were  indistinguishable,  except  that  for  brazed  specimens,  the  width  of  the  braze 
layer  was  controlled  to  be  approximately  one-quarter  inch  and  the  thickness  held 
to  0.002-0.005  inch  by  grinding.  Because  the  purpose  of  the  environmental-test 
program  was  to  determine  if  the  exposure  of  joint  specimens  was  detrimental  to 
the  mechanical  properties  of  the  parent  metal  and  not  to  ascertain  if  there  was 
impairment  of  joint  strength,  the  absence  of  an  actual  joint,  such  as  the  welded 
specimens  had,  was  deemed  to  be  of  no  consequence.  It  was  considered  that  the 
metallurgical  interactions  of  the  braze  alloys  with  the  base  metals  would  be  at 
least  as  reliably  evaluated  when  a  braze  coating  alone  was  used,  as  they  would  be 
were  an  actual  brazed  joint  to  be  used.  Furthermore,  absence  of  such  a  joint 
would  facilitate  more  accurate  determination  of  base-metal  stresses.  All  braze 
specimens  were  cleaned  mechanically  and  chemically  before  braze  application, > 
in  order  to  ensure  satisfactory  bonding. 

Table  VI  identifies  the  braze  alloys  and  temperatures  used  in  the  specimen- 
fabrication  program.  The  braze  alloys  selected  for  the  various  materials  were, 
in  general,  representative  of  those  being  utilized  in  the  fabrication  of  aerospace 
components  at  the  time  of  the  Contract.  Their  strengths  and  resistances  to 
oxidation  were  compatible  with  requirements  set  by  the  expected  normal  operating 
temperatures  of  the  base  metals.  However,  for  Fene-41  and  Udimet-700  speci¬ 
mens,  a  special  boron-free  braze  alloy  was  employed,  in  order  to  avoid  the  prob¬ 
lem  of  boron  embrittlement.  This  alloy,  referred  to  as  J8600,  did  require  the 
use  of  a  braze  temperature  which  was  slightly  high  for  the  two  base  materials, 
but,  by  using  relatively  short  brazing  cycles,  it  was  possible  to  reduce  the  likeli¬ 
hood  of  any  strength  impairment. 


TABLE  VI 

BRAZE-ALLOY  COMPOSITIONS  AND 
BRAZING  TEMPERATURES 


Braze  Alloy 

Composition 

Braze  Temp< 

AMS  4776 

71.  7  Ni-4Si-16. 5Cr-4Fe-3.  8B 

2150 

PWA  705 

62.  5Ag-32.  5Cu-5Ni 

1710 

PWA  707 

5GAg-42Cu-2Ni 

1750 

J8G00 

38Ni-33Cr-4Si-25Pd 

2150 

Au-Ni 

82Au-18Ni 

1800 
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The  brazing  parameters  used  are  set  forth  In  Table  VII,  For  those  materials 
the  compositions  of  which  contained  significant  amounts  oi  strong  oxide  formers 
(aluminum  and  titanlur  ),  a  relatively  high  vacuum  was  maintained  (less  than  two 
microns  of  mercury).  A  dry  hydrogen  atmosphere  (-40F  dew  point  or  better)  was 
used  for  the  other  materials. 

The  pos'-braze  hoat-treatmont  schedules  for  specimens  of  eaoh  material  ap¬ 
pear  In  the  last  column  of  Table  VII.  The  brazing  temperatures  Involved  were 
compatible  with  the  required  heat  treatments  for  the  various  materials, 

All  brazed  specimens  wore  Inspected  cubsoquunt  to  machining  and  again  after 
post-brnze  hent  treatment. 


TABLE  VII 


BRAKING  TECHNIQUES  AND  POBT-BRAZE  HEAT 
TREATMENTS  OF  BRAZE-TEBT  SPECIMENS 
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IV 


INVESTIGATION  OF  NON-DESTRUCTIVE-TEST  METHODS 

The  Contract  required  that,  in  addition  to  using  destructive-testing  pro¬ 
cedures  (such  as  tensile  tests)  for  evaluating  the  extent  of  degradation  in  the 
mechanical  properties  of  the  several  materials,  resulting  from  the  environmental 
testing,  non-destructive  testing  should  be  used  in  the  evaluations.  It  provided 
further  that  a  maximum  of  eighty  non-destructive-test  specimens  (four  for  each 
material  and  for  each  process)  were  to  be  used  in  the  investigation. 

It  was  considered  desirable  to  be  able  to  predict,  with  assurance  of  reason¬ 
able  accuracy,  when  a  structural  member  of  an  airframe  or  engine  exposed  to 
severe  environmental  conditions,  including  a  sea-salt  atmosphere,  would  ex¬ 
perience  degradation  of  its  mechanical  properties.  If  this  goal  were  realized, 
then  weakened  parts  could  be  replaced  or  strengthened  by  repair  on  the  basis 
of  a  non-destructive-testing  schedule  before  a  failure  occurred.  Radiographic 
examination  is  a  technique  commonly  used  for  crack  detection.  It  was  used  ex¬ 
tensively  in  the  program.  However,  it  has  only  modest  reliability  for  disclosing 
minute  crack  indications  and  practically  no  reliability  at  all  for  determining  in¬ 
cipient  cracking.  In  addition  to  radiographic  examination  (penetrameter  sensi¬ 
tivity  of  two  per  cent),  fluorescent-penetrant  inspection  (ZL30)  and  other  non- 
destructive-test  techniques  were  investigated  in  the  program  in  an  effort  to  es¬ 
tablish  reliable  degradation-prediction  methods.  The  other  non-destructive-test 
techniques  are  discussed  herein. 

A.  Crack  Determination 

Non-destructive  testing  of  the  welded  and  brazed  specimens  included  use  of 
a  method  for  detecting  cracks  and  two  methods  for  sensing  corrosion.  Using  the 
methods  employed  for  detecting  evidence  of  corrosion  in  the  non-destructive¬ 
testing  program,  it  was  not  possible  to  resolve  discrepancies  the  depths  of  which 
were  less  than  approximately  0.005  inch. 

The  method  selected  for  cracks  was  pulse-echo  angle-beam  ultrasonics.  The 
initial  step  taken  in  order  to  make  use  of  this  method  was  to  establish  the  opti¬ 
mum  ultrasonic  wave-frequency  and  beam-angle  parameters  for  each  of  the  ten 
alloys.  For  the  purposes  of  the  investigation,  cracks  were  simulated  by  scratches 
made  on  the  material  samples.  Optimum  pulse  frequencies  were  determined  by 
using  one-half-inch-diameter  transducers  with  different  output  ranges.  Optimum 
beam  angles  were  ascertained  by  means  of  Lucite  wedges  attached  to  the  trans¬ 
ducers.  The  ultrasonic  instrument  used  was  a  Branson  301  Sonoray  with  2.25-, 
3.5-,  5-,  and  7-megacycle  transducers.  This  instrument  is  shown  in  Figure  5. 
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Figure  5  Branson  301  Sonoray  Used  in  Investigation  of  Non-Destructive-Test 
Methods  (ultrasonic)  (XP-60743) 


Table  VIII  lists  the  optimum  beam  angles  found  for  each  material,  and 
Figures  6  through  15  are  plots  of  the  data  in  the  form  of  families  of  curves  indi¬ 
cating  the  frequencies  which  resulted  in  the  maximum  responses.  It  will  be  ob¬ 
served  that  the  optimum  beam  angles  ranged  from  26°  to  36°,  and  the  optimum 
responses  occurred  when  a  transducer  with  output  characteristics  centered  at 
3.5  megacycles  was  used.  The  families  of  curves  are  similar  for  all  of  the  in¬ 
vestigated  materials. 
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Figure  6 


Figure  7 


Maximum  Deolbele  Reflected  v,  Traniduoer  Frequency  and  Luolte- 
Wedge  Angle,  Ultraeonlo  Testing  of  AM  3S0  (H-71014) 


Maximum  Decibels  Reflected  v.  Transducer  Frequency  and  Luclte- 
Wedge  Angle,  Ultraeonlo  Tolling  of  AM  300  (H-71010) 
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Figure  8  Maximum  Deolbela  Reflected  v.  Treniduoer  Frequency  »nd  Luolte- 
Wedge  Angle.  Ultruonlo  Teetlng  of  PH15  -  7Mo  (H-71000) 
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Figure  0  Maximum  Deulbolu  Uoflcoted  v,  Tramducer  Frequency  and  Luclte- 
Wcdgo  Anglo,  Ultraeonlc  Teetlng  of  PH  14  -  8  Mo  (11-71018) 
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Figure  10 


Figure  11 
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Maximum  Deotbela  Reflected  v.  Transducer  Frequency  and  Luolte- 
Wedge  Angle.  Ultrasonic  Testing  of  Hastelloy  X  (H-71011) 


Maximum  Doolbela  Reflected  v,  Traneduoer  Frequency  end  Luolte- 
Wedgo  Angle,  Ultraeonlo  Teatlng  uf  none  41  (11-71007) 
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Flgura  18  Maximum  Daolbala  Rariaetad  v.  Tranaduoar  Fraquanoy  and  Luolta- 
Wadga  An|la,  Ultraaonlc  Taatini  of  Udtmat  700  (H-71018) 
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Figure  lit  Maximum  Daolbala  Rofleotatl  v,  Trwiaduoer  Frequency  nml  UicMi> 
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Flffur#  14  Maximum  Dtolbala  RtfltcUd  v,  Traniduoar  Fraquanoy  and  Luolta- 
Wadga  Angla.  Ultruonto  Toting  o t  Oratk  Aaooloy  (H-T1009) 


Mgvru  lfi  Maximum  Daotbili  Raflactad  v.  Tranaducar  Fraquanoy  and  Luotta- 
Wadga  Angla,  Ultraionlu  Toting  of  TD  Nlokal  (H-7101S) 
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With  the  use  of  the  optimum  parametric  values  obtained  In  the  preliminary 
Investigation,  pre-anvlronmental-test  ultrasonic  Inspections  were  oonduoted  on 
each  specimen  in  order  to  establish  base  response  characteristics  for  compari¬ 
son  with  post-environmental -test  ultrasonlo-tnspection  data,  It  was  exacted 
that  a  discrepancy  In  the  ipeclmen  would  change  the  response  signal  and  ahow  up 
on  the  screen  as  a  pip. 


U,  Corroalon  Detection 

The  molhotle  which  were  Investigated  for  the  purpose  of  detecting  corrosion 
of  l ho  welded  nnd  brtueti  specimens  were  bola-rny-ljneksctiltor  and  cloeli'lenl- 

oonductlvlty  msasuremonts,  The  theory  behind  ths  smploymsnt  of  these  two 
methods  was  that  ths  prsssncs  of  oorroaton  would  so  ohange  the  Internal  structure 
of  the  materials  In  the  wolded  and  braaad  regions  that  beta-iay  oount  and  eleotrl- 
cal  conductivity  would  be  measurably  affected,  It  waa  hoped  fiat  by  making  theae 
measurement!  before  end  after  environmental  tailing,  and  by  conatdaring  tha  data 
thua  obtalnad  In  oonjunotlon  with  tha  finding!  from  meohanloal  tailing,  It  might  be 
poeatble  to  determine  the  presence  and  extent  of  maohanloal-property  degradation 
resulting  from  oorroaton  effeote  within  a  joint  without  the  neoeeatty  for  destroy¬ 
ing  tha  apeotmen,  Reliable  correlations  between  changes  from  pre-use  values 
with  deterioration  In  atrength  might  thus  he  eatabllshed  for  aotual  welded  and 
brand  component!  of  atrframea  and  englnei,  and  the  need  for  repair  or  replace¬ 
ment  could  bo  anticipated  without  awaiting  failure  of  a  part, 

The  pre-envlronmental-teet  data  obtained  for  speotmene  cf  eaoh  of  the  ten 
materials  by  the  bals-riv-backaoatter  method  are  presented  tn  ’1  able  IX,  The 
beta-ray  Instrument  used  waa  a  Micro-derm  with  a  oarbon-14  source,  shown  In 
Figure  10,  Pre-tael  conductivities  for  ipeolmeni  of  the  four  nonmagnatlo 
metarule  ire  also  given  In  the  table,  The  conductivities  were  obtained  by  the 
eddy-current  method  of  measurement,  utilising  an  FM  100-lerlei  Magniteil 
conductivity  meter,  ihown  In  Figure  17,  Magnetic  miterlale  could  not  be  In- 
spected  by  thle  method  because  their  megnettc  fields  would  override  the  eddy 
current! , 
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Conductivities  are  expressed  as  percentages  relative  to  conductivity 
of  copper  taken  as  100  percent  (International  Annealed  Copper  Standards). 
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ENVIPONMENTAL-TEST  PROCPAM 

The  planned  program  objectives,  test  cycle,  test  and  inspection  procedures, 
and  analysis  of  the  test  data  are  discussed  in  this  section. 

A.  Planned  Program  Objectives 

The  objectives  of  the  planned  program  may  be  defined  as  follows: 

(1)  To  determine  if  welding  and  brazing  have  any  degrading  effect  on  the 
mechanical  properties  of  specimens  of  the  selected  alloys  after  cyclic 
temperature  exposure  in  the  laboratory  while  such  specimens  are 
under  constant  load  in  a  corrosive  atmosphere. 

(2)  To  determine  if  non-destructive  testing  methods  have  the  ability^  to  sense 
any  corrosion  which  might  occur  on  the  alloys  exposed  to  severe  envi¬ 
ronmental  conditions. 

(3)  To  determine  if  there  are  effects  of  temperature  at  stress,  number  of 
cycles,  and  environment  for  the  selected  alloys  after  welding  and  braz¬ 
ing;  and  attempt  to  establish  service  lives  for  structural  components 
fabricated  from  such  alloys  by  methods  which  include  welding  and 
brazing. 

(4)  To  evaluate  welding  and  brazing  as  means  of  repair  of  specimens  which 
have  been  weakened  by  corrosion  resulting  from  severe  environmental 
conditions,  provided  that  the  degradation  has  not  been  too  severe. 

B.  Planned  Test  Cycle 

The  test  cycle  was  programmed  for  four  hours'  duration,  with  the  variable 
within  that  period  being  temperature  and  the  constants  being  stress  and  corrosive 
atmosphere  (simulated  sea  salt).  A  selected  constant  temperature  was  to  be  held 
for  approximately  three  hours  of  the  four- hour  period;  changing  from  room  to 
test  temperature  was  to  consume  the  remaining  hour.  A  four-hour  cycle  was 
selected  because  it  approximated  the  flight  cycle  of  transoceanic,  Mach-3 
aircraft. 

The  Cycle  Variable:  Temperature  -  The  temperature  ranges  to  be  used  in 
the  environmental-test  program  were  specified  by  the  Contract.  They  were  based 
upon  typical  operating-temperature  regimes  (cyclic)  predicted  for  representative 
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Mach-3-aircraft  welded  and  brazed  hardware  fabricated  from  the  ten  selected 
alloys.  Welded  and  brazed  alloys  used  in  aircraft  structures  were  to  be  tested 
in  the  range  from  600F  to  800F,  those  used  for  power-plant  compressor  compo¬ 
nents  in  the  range  from  800F  to  1200F,  and  those  used  in  power-plant  hot-section 
locations  In  the  range  from  1600F  to  2000F.  The  temperature  ranges  assigned 
to  each  alloy  in  the  environmental-test  program  appear  in  Table  X. 

The  Cycle  Constant:  Stress  -  Each  specimen  was  to  be  run  at  a  constant 
stress  throughout  its  environmental  test.  The  ranges  of  stress  under  which 
specimens  were  to  be  operated  were  specified  by  the  Contract.  The  test  stresses 
to  be  used  were  ninety-five  per  cent  of  the  estimated  minimum  value  of  0.2% 
yield  strength  or  the  stress  to  produce  0.5%  to  1%  creep  during  the  test  period, 
whichever  was  limiting.  All  of  the  iron-base  alloys  which  were  to  be  tested  at 
600F  and  800F,  with  the  exception  of  A  286  which  was  to  be  tested  at  high  tem¬ 
perature  (1200F),  were  yield- strength  limited.  All  of  the  nickel-base  alloys 
which  were  to  be  tested  between  1600F  and  2000F,  and  the  A-286  specimens  which 
were  to  be  tested  at  high  temperature,  were  creep  limited.  The  0.5%-creep 
data  were  used  when  the  1%-creep  data  were  not  available.  The  stress  ranges 
are  listed  in  Table  X. 


TABLE  x 

TEMPERATURES  AND  STRESSES  FOR 
ENVIRONMENTAL  TESTS 


Material 

Temperature  (FI 

Stress  (psi) 

AM  350 

600  -  800 

117,  000  - 

132,000 

AM  355 

600  -  800 

117,  000  - 

130,000 

PH15-7MO 

600  -  800 

130,000  - 

160,000 

PH14-8MO 

600  -  800 

148, 000  - 

160,000 

Hastelloy  X 

1600  -  2000 

1,  000  - 

3,500 

* 

Rene  41 

1600  -  1800 

3,  000  - 

17,000 

Udimet  700 

1600  -  1900 

3,000  - 

29,000 

A  286 

800  -  1200 

30,  000  - 

83,000 

Greek  Ascoloy 

600  -  800 

83,  000— 

95,000 

TD  Nickel 

1600  -  2000 

1,000  - 

9,000 

The  Cycle  Constant:  Simulated  Sea-Salt  Atmosphere  -  The  simulated  sea 
salt  was  to  result  from  the  drying  of  certain  chlorides  and  a  sulphate  in  water 
solution,  the  chemical  composition  being  25.0  grams  NaCl,  11.0  grams  MgCl2* 
61^0,  4.0  grams  Na2S04,  and  1.2  grams  CaCl2  per  liter  of  distilled  water. 

The  sulphate  was  included  because  the  Contractor’s  experience  has  been  that 
Na2S04,  in  combination  with  the  chlorides,  produces  corrosion  of  a  type  fre¬ 
quently  experienced  under  severe  operating  conditions.  The  presence  of  sulfur 
in  this  compound  would  enable  the  sulfidation  type  of  corrosion  to  be  investigated. 
The  solution  was  to  be  applied  by  brush  to  the  welded  and  brazed  regions  of  the 
specimens,  the  extent  of  coverage  to  be  approximately  as  shown  in  the  sketch, 
Figure  18.  Coatings  were  to  be  superimposed  upon  one  another,  each  coating  to 
be  dried  at  approximately  25 OF.  Final  thickness  of  the  salt  deposit  was  to  be 
approximately  0.002  inch. 


The  test  format  which  was  scheduled,  the  planned  duration  of  test  conditions, 
the  provisions  for  controls,  the  number  of  specimens  tested,  and  the  inspections 
made,  are  discussed  in  this  subsection. 

Test  Format  -  Table  XI  shows  the  planned  format  for  conducting  the  environ¬ 
mental  testing  of  the  ten  selected  alloys.  Such  a  program  would  allow  the  esti¬ 
mation  of  all  main  effects  of  the  environmental-test  conditions  and  the  determina¬ 
tion  of  the  interactions  of  those  conditions. 


Duration  of  Test  Conditions  -  The  fourteen  test  conditions  defined  in  Table  XI 
were  of  either  sixty-three-cycles '  or  nineteen- cycle  s'  duration,  corresponding  to 
two-hundred  and  fifty-two  hours  and  seventy-six  hours,  respectively.  The 
severity  of  the  temperature-stress  combination  for  the  particular  alloy  and  join¬ 
ing  process  to  be  tested  depended  upon  the  assignment  of  one  or  the  other  of  the 
two  limits.  The  durations  selected  were  considered  to  be  reasonably  long  periods 
of  severe  exposure  for  the  hardware  items  which  the  alloys  have  application  for 
in  Mach-3  aircraft  and  their  power  plants. 
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TABLE  X! 


TEST  FORMAT  FOR  ALLOY  SPECIMENS 


Teat  Ccoditioo(1) 

Process 

No.  of  Cycles 

Temp. 

Stress 

Salt 

!• 

None 

63 

Upper  <U) 

Lower  (L)(l) 

Yes 

2* 

None 

63 

U 

L  (1) 

No 

3* 

Braze 

63 

U 

L(l) 

No 

4* 

Weld 

63 

U 

I, 

No 

5* 

Weld 

63 

L 

U  (2) 

No 

6* 

Brsze 

63 

L 

U  (2) 

No 

7 

Weld 

63 

U 

L 

Yes 

8 

Weld 

63 

L 

V  (2) 

Yes 

9 

Weld 

19 

l 

U 

L<3) 

Yes 

10 

Weld 

19 

L 

v  a> 

Yes 

11 

Braze 

63 

U 

L(l) 

Yes 

12 

Braze 

63 

L 

U  (2) 

Yes 

13 

Braze 

19 

U 

L(3) 

Yes 

14 

Braze 

19 

L 

u 

Yes 

Notes:  (1)  Controls  are  marked  by  asterisks 

(2)  Intermediate  value  used  to  TO  Nickel 

(3)  Intermediate  value  used  for  Hastelloy  X,  Rene  41,  Udimet  700, 
and  TD  Nickel 

(4)  Intermediate  value  used  for  Hastelloy  X,  A  286,  Rene  41, 

Udimet  700,  and  TO  Nickel 

Controls  -  Four  different  classes  of  controls  for  each  material  were  to  be 
exposed  to  their  respective  test  conditions.  These  controls  were  to  be  utilized 
for  evaluating  the  extent  of  detriment,  if  any,  to  mechanical  properties  of  the 
alloys  which  was  attributable  to  the  joining  processes.  The  four  classes  of  con¬ 
trols  are  listed  below. 


Salt 

Process 

(1) 

Yes 

None 

(2) 

No 

None 

(3) 

No 

Weld 

(4) 

No 

Braze 

For  evaluation  of  any  degradation  of  the  mechanical  properties  of  repaired 
specimens,  control  specimens  of  the  same  materials  were  to  be  tensile  tested 
under  ambient  conditions,  along  with  specimens  which  had  been  repaired  after 
being  exposed  to  the  environmental-test  condition  which  resulted  in  the  original 
degradation  of  mechanical  properties. 
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Number  of  Specimens  -  The  Contract  specified  that  the  maximum  number  of 
specimens  evaluated  would  be  four  hundred:  a  maximum  of  fifteen  welded  and 
control  specimens  and  a  maximum  of  fifteen  brazed  and  control  specimens,  of 
each  of  the  ten  alloys;  a  maximum  of  eighty  non-destructive-test  specimens;  and 
a  maximum  of  twenty  repair  specimens . 

Inspection  -  Macroscopic,  radiographic,  fluorescent-penetrant,  ultrasonic, 
electrical-conductivity,  and  beta-ray-backs catter  inspections,  all  non-destructive- 
test  methods,  were  to  be  performed  on  specimens  immediately  prior  to  their  ex¬ 
posure  to  their  cyclic-test  program.  These  methods  of  inspection  were  also  to 
be  employed  after  ten  (40  hours)  and  nineteen  cycles  had  been  logged  on  speci¬ 
mens  limited  to  nineteen-cycle  testing,  and  after  ten,  forty  (160  hours),  and 
sixty-three  cycles  had  been  logged  on  those  programmed  for  sixty-three- cycle 
testing.  For  the  ten-cycle  and  forty-cycle  inspections,  salt- coated  specimens 
were  to  be  cleaned  before  examination  and  thereafter  have  their  salt  coatings 
restored.  Specimens  failing  to  complete  their  tests  were  to  be  subjected  to 
metallographic  study.  Such  testing  was  also  to  be  employed  on  sound  specimens 
after  non-destructive-test  data  were  obtained  and  after  mechanical  testing  was 
performed.  Fractured  specimens  were  to  be  given  macroscopic  examinations  in 
order  to  detect  any  discoloration  on  fracture  surfaces.  Such  discoloration  would 
be  indicative  of  prior  cracks  resulting  from  environmental  testing.  The  amount 
of  shear  was  to  be  determined,  in  order  to  ascertain  if  observed  cracks  propagated 
-primarily  in  a  ductile  or  in  a  brittle  fashion;  also,  the  point  of  transition  was  to  be 
ascertained,  if  both  ductile  and  brittle  types  were  found. 

D.  Data  Analysis 

It  was  necessary  to  analyze  the  test  data  in  such  a  way  that  the  effects  of 
each  variable  in  the  program  could  be  isolated  from  the  effects  of  the  other 
variables.  It  was  decided  to  tabulate  the  effects  as  positive  or  negative  per¬ 
centage  changes  in  the  magnitude  of  each  property,  a  positive  change  indicating 
an  increase  and  a  negative  change  a  decrease.  Blanks  in  the  tabulation  were  to 
indicate  that  the  available  data  were  not  significant,  and  dash  marks  that  data 
from  which  the  effect  could  be  calculated  were  not  available.  Changes  of  less 
than  five  per  cent  in  strength  were  to  be  considered  insignificant  because  such 
small  changes  would  fall  within  the  expected  range  of  normal  data  variation. 

The  accuracy  of  measurement  was  less  for  elongation  than  for  strength  and 
the  elongations  which  were  measured  were,  in  general,  low.  Therefore,  the 
level  of  significance  for  percentage  changes  in  elongation  was  selected  to  be 
thirty  per  cent.  For  the  reasons  which  have  been  indicated,  the  effects  of  the 
environmental  test  variables  would  be  determined  primarily  from  the  results 
obtained  for  ultimate  and  yield  strengths . 
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The  tail  condition*  (or  which  data  ware  obtatnad  r.re  preiented  (n  Tabic 
XU,  Tha  data  from  duplicate  tast  polnta  wara  a  vara  god,  thoaa  from  Individual 

poinia  wars  used  aa  rOOUli IVU «  Ulv  intMtnui  v\i  vhiuvb  vii  uuiutn^v  nuu  yield 

atrangtna,  In  thouaanda  of  poundt  par  aquara  tnoh,  wara  rounded  to  tha  naaraat 
whale  numbers,  These  data  were  then  tabulated  In  the  arrangement  ahown  In 
Tabla  XIII,  wherein  the  valuta  for  x  and  y  are  to  be  taken  from  the  data  corre- 
■ponding  to  tha  oondltlona  Hated  by  Una  number  In  Tabla  XU,  The  percentage 
ohangaa  In  propartlaa  wars  than  oomputed  aa  follow  at 

Par  cent  ohango  in  alrangth  -  ^  100 

Pel'  cent  change  In  uluigailon  -r— r  - ion 

*  tha  larger  of  x  ami  y 

TAILS  XU 

ALLOY-tPlOIMIN  TUT  OOLDfriONI  FOR  UII  IN  DATA  ANALYIW 


JdALUSi 

MW 

m 

Tamoaratura 

Cvolia 

1 

Wald 

No 

Room 

Nona 

1 

Weld 

No 

Low 

High 

8 

Wald 

No 

High 

High 

4 

Nona 

No 

High 

High 

8 

Nona 

Yea 

High 

High 

0 

Wald 

Yaa 

High 

High 

7 

Wald 

Yoa 

High 

Low 

8 

Weld 

Yaa 

Low 

High 

8 

Weld 

Yaa 

Low 

Low 

10 

Hrn  aa 

No 

ttoom 

Nona 

11 

Itraae 

No 

Low 

High 

18 

Urn  a  a 

No 

nigh 

High 

lb 

None 

No 

High 

High 

H 

Nona 

Yaa 

High 

High 

•n 

Itrnae 

Yaa 

High 

High 

10 

Ih'itac 

Yai 

High 

Low 

17 

Urn  an 

Vex 

Low 

High 

18 

llrnau 

Yds 

Low 

Low 

NO  ■)'„> 
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ENVIRONMENTAL- TEST  RESULTS 

The  program  of  testing  which  was  carried  out  followed  closely  the  planned 
program  discussed  in  Section  V . 

The  test  results  relating  to  each  alloy  are  discussed  in  subsection  A  below. 
The  evaluation  of  non-destructive-testing  methods  for  measuring  degradation  of 
mechanical  properties  of  the  alloys  due  to  corrosion  is  reported  in  subsection 
B.  The  final  subsection,  C,  summarizes  the  more  significant  results  of  the 
program. 

Three  types  of  salt  corrosion  were  considered  in  the  evaluation  of  specimens: 

Type  (1)  Evidenced  by  localized  discoloration  on  the  fracture 

surface,  indicating  the  existence  of  a  crack  during  "  - 
exposure  of  the  specimen  to  elevated  temperatures. 

Type  (2)  Evidenced  by  post-exposure,  room-temperature, 
tensile-property  degradation. 

Type  (3)  Evidenced  by  unusual  cracking  during  post-exposure, 
room -temperature,  tensile  testing. 

A.  Specific  Findings 


Table  XTV  categorizes  the  test  results  into  whether  or  not  salt  corrosion 
was  encountered  \T)  at  inspection  following  post-exposure  tensile  testing  of 
specimens  which  survived  for  the  programmed  number  of  cycles,  and  (2)  at 
examination  of  specimens  following  failure  during  cyclic  testing.  This  infor¬ 
mation  is  given  for  both  brazed  and  welded  specimens  of  the  two  classes  of 
alloys,  iron-based  and  nickel-based.  Table  XV  presents  the  results  of  the 
analysis  of  data  for  the  entire  program.  The  columns  numbered  one  through 
eight  in  this  Table  contain  the  percentage-change  values  for  the  eight  condition 
sets  listed  in  the  first  column  of  Table  xm  and  defined  by  reference  to  the 
lines  in  Table  XII.  A  review  of  the  specific  findings  for  each  alloy  follows. 

AM  350  (Welded)  -  Table  XVI  presents  the  environmental-test  history  for 
welded  and  brazed  AM  350  specimens.  In  this  table,  as  in  those  for  the  other 
alloys  in  the  program,  the  exposure  conditions  and  the  post- expo  sure,  room- 
temperature,  tensile  properties  are  listed  for  each  specimen  subjected  to  test. 
Also  noted  are  the  number  of  test  cycles  completed,  location  of  failure  on 
ten  si  e  test,  and  whether  or  not  Tj-pe-(l)  and/or  Type- (3)  salt  corrosion  were 
evident. 
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TABLE  XIV 

OF  RESULTS  OBTAINED  FROM  ENVIRONMENTAL-TEST  PROGRAM 
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TABLE  XV 


EFFECTS  OF  ENVIRONMENTAL- TEST  VARIABLES 
ON  MECHANICAL  PROPERTIES 
OF  ALLOY  SPECIMENS 


(Number*  ladlcti*  percent***  chan*e*  In  mechanlcsl  properties) 


Belt  it  63  Cycle* 
with  Joint  to  Material 


Temper*  tur# 
with  Bell  snd  Joint 


Cycle* 

with  Belt  end  Joint 


Col.  1 

Col.  2 

Col.  3 

Col.  4 

Msterlsl  Conditio*  { l) 

llldi  Temp 

law  Temp 
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TABLE  XVI 

ENVIR0NMENTAL-TE8T  HISTORY:  AM-350  ALLOY  SPECIMENS 
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Aa  Tablas  XIV  and  XVI  lndioate,  aalt-oorrosion  oraokingwas  observed  in 
welded  AM  350.  In  the  case  of  this  alloy,  tho  deptha  of  the  dlaorepanolea  moaa- 
ared  did  not  exceed  0. 005  Inch.  Only  one  specimen,  A-l,  evidenoed  Type-(l) 
oorroalon,  but  the  tensile  failure  did  not  originate  at  the  oraok  and  the  atrengih 
and  ductility  were  not  compromised.  Failure  ooourred  through  the  weld  (Figure 
19).  Exposure  conditions  under  whloh  the  oraoklng  oooum  \  were  800F  and  117 
ksl  for  63  oyoles.  The  discoloration  on  the  fracture  ■urfa'ii  j?n  be  seen  In  Fig¬ 
ure  20.  The  specimen  was  also  found  to  have  several  irregular,  Intergranular 
oracks  adjaoent  and  parallel  to  the  tenalle-teat-fracture  surfaoe,  as  Figure  21 


NO. 
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indicates  (arrows).  These  craoks  were  oonflned  to  the  Balt -patch  region  (Type¬ 
rs)  norrofllon).  A  photomlcroaraDh  through  the  oraoked  area  is  showt  in  Figure  22. 


Figure  19  Welded  Speoln;en  A-l  After  Tensile  Test.  Specimen  Macro* tched 
to  Shcr'v  Location  of  Rupture.  (Environmental-test  conditions: 

800F,  117  ksl,  salt:  duration;  63  cycles)  (XP-2172-2) 

Etchant;  Villela's  Reagent  Mag:  20X 
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Figure  20  Welded  Specimen  A-l  After  Tensile  Test,  Arrow  Points  to  Craok 
Indication.  (Environmental-test  conditions:  SOOF,  117  kal,  salt; 
duration;  83  oyoles)  (H-84457) 

Mag:  24X 


no  a  n 


Figure  21  Welded  Speolmen  A-l  After  Tenelle  Teit.  Craok*  (Arrow*) 
are  Confined  to  Salt  Patch.  (Environmental-test  condition*: 

800*F,  117  k*t,  salt)  duration:  03  cycle*)  (H-64455) 

Mag:  15X 


Figure  28  Welded  Speolmen  A-l  After  Tanelle  Teat.  Photomicrograph  of 

Seotton  Through  Speolmen  Adjacent  to  Fraoture  Surfaoe.  (Environ¬ 
mental-teat  condition*:  600F,  117  ksi,  aalt;  duration:  63  cyolea) 

(EP-2748-3) 
Mag:  200X 


Etohant:  Vlllela'a  Reagert 


A  second  specimen  in  the  welded  group  (A-3)  evidenced  Type-(3)  corrosion 
after  exposure.  This  anerlmen  hoH  nnmnUtwj  AS  Cycle;  under  ?CC~F  OT.d  122- 

ksi  conditions,  The  cracks  were  confined  to  the  salt  patch  (see  Figure  23). 


Figure  23  Welded  Specimen  A-3  After  Tensile  Test.  Craoks  (Arrows)  are 
Confined  to  Salt  Patoh.  (Environmental-test  conditions!  000*F, 

132  ksl,  salt;  duration;  63  cycles)  (H-64466) 

Meg:  1BX 
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AM  SfjQ  (Brazed)  -  Two  instances  of  Type-(l)  corrosion  we^e  enoountered 
when  brared  specimens  were  examined  after  exposure  and  tensile  test.  Ref¬ 
erence  to  Table  XVI  indioates  that  both  specimens  (A-21  and  A-34)  had  beon 
oyoled  at  900 F  and  that  for  one  (A-34)  the  oorroelon  had  occurred  within  5.9 
oyoles.  The  elongations  of  the  two  speoimens  were  found  to  have  been  signifi¬ 
cantly  reduced  by  the  environmental-test  exposure,  in  comparison  with  tne 
elongation  of  the  one  welded  specimen  with  Type-(l)  corrosion.  However, 
there  was  no  indication  of  any  degradation  of  ultimate-tensile  and  0. 2%-  yield 
strengths,  Figures  24  and  25  show  the  tensile-failure  locations  of  theie  spec¬ 
imens  with  relation  to  the  brazed  area  and  also  tho  degree  of  braze  de'eriora- 
tlon.  The  failu  res  ooov.rred  outside  of  the  brazed  areas  but  within  thn  salt 
patoh.  Figures  26  and  27  repeal  the  corrosion  'ndlcations  on  the  fracture 
surfaces  of  speoimens  A-21  and  A-34.  Both  fractures  originated  in  .he  dis- 
colorod  regions.  Also,  both  specimens  had  severs!  irregular,  Into'  granular 
oraoki  adjaotnt  and  parallel  to  the  fracture  aurfoou  and  within  the  ralt-atatned 
regions  on  their  lateral  surfaces  (Type- (8)  oorroalm),  Cracks  of  his  ohar- 
aoter  oan  be  seen  in  Flguroi  28,  29,  and  83. 


Figure  24  Brazed  Specimen  A-21  After  Tensile  Test,  Showing  Looation  of 
Rapture,  {Envlronmental-to«t  conditions:  800F,  117  ksl,  salt; 
duration:  83  oyoles)  (H-0SBB1) 

Mag:  15X 
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Kl|ur«  80  BrtMd  Bpsotmaa  A-81  After  Tonsils  Tsst.  Fraotura  Surfaos 
Shows  Ty  ps-(  1)-Salt-Oorroa  loa  tndlcatloa  (arrow).  (Bnvlron- 
m sate  1-test  oondltlonai  800F,  117  kst,  sslti  durstlom  03  oyolsa) 

(K-04006) 

Magi  34X 


rigura  87  Braasd  Spaclman  A-34  Aftsr  Tsnstls  Tsit  Showing  Corroalon  In¬ 
dication  (Arrow),  (Envlronmantal-tait  conditional  800'F,  117 
ksl,  salt!  durstlom  19  oyolsa)  (H-0406B) 

Magi  94X 


rigurt  28  Braead  Spoclmon  A-34  A  fur  Tamil*  Twit.  Lateral  Surfaoo  Ad- 
Jaoont  to  Fracture  Surface.  (Envlronmental-teit  conditioner  80QF 
117  kil.  ialt|  duration)  10  cyclee) 


Magi  24X 


to  Fracture  Surface.  (nwrimnnupiJal-imt  conditio  ns-  8 OOF,  117  kai ,  salt;  duration:  19  cycles  i 

Etchant:  Villela's  Reagent  Mag:  371X 


*■  ;>  _  .. 

Figure  30  Brazod  Specimen  A-21  After  Tenalle  Teat.  Photo  microgruph  of 
Seotlon  Through  Specimen  Adjacent  to  Fracture  Surface  Showing 
Craoka  (Arrowa)  In  Salted  Roglon,  (Envlronmental-toat  condition!: 
800*F,  117  kal.  sa.lt;  duration:  03  oyo lea)  (EP-2187'7) 


Etchant:  Vlllela 'a  Reagent 


Mag:  600X 


Ai  indicated  in  Table  XVI,  two  epeoimona  fallod  during  the  flrat  eyole  of 
environmental  teetlng.  One  of  theio  ipecimcnB  waa  bvazed  and  aalied  (A-20); 
the  aeoond  (A-30)  waa  a  non-brazed,  unaalted  control.  Exposure  oondltiona 
were  800F  and  117  kti.  The  mechaniam  of  failure  <n  both  Inatanoea  waa  not 
readily  apparent,  However,  it  waa  not  aalt  oorroiion  hnacd  on  the  definition* 
uaed  in  this  report, 


HCII  NO  A  Q 


!  Specimen  A-30,  a  control  which  was  brazed  but  unsalted,  exhibited  low 

I  »»_  IkmhJIa  iMfti  n  Am  w  Avnrtourn  frw*  flQ  r»wr»loe  nrtf$»r  ftOO-  "F  HTlri  117-ksl 

UUWbirn^  ^41  VJUBUV  vowv  »***v  w.vr  WWW  .  w  —  ,r . . . 

oonditions.  Examination  of  Its  fracture  surfaces  after  tensile  test  disclosed 
that  failure  originated  in  a  region  where  braze  material  had  apparently  pene¬ 
trated  parent  metal.  This  can  be  seen  by  referring  to  Figures  31  and  32. 
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Flgurs  31  Brazed  Speolmen  A-30  After  Tensile  Test  Showing  Failure  Origin 
(Arrow)  on  Fracture  Surface.  (Environmental-test  conditions: 
800*F,  117  kal,  no  salt;  duration:  03  oyclea  (H-04087) 

Mag:  24X 
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Figure  32  Brazod  Speotmen  A-30  After  Ten* tie  Te»t.  Photomicrograph  of 
Bectlon  Through  Fracture.  (Environmental-test  conditions:  800F, 

1 3.7  ksl,  no  salt;  duration:  83  cycle*)  (EM-2022-3) 


Etchant:  Vlllola  '■  Reagont 


Mag:  350X 


AM  350  (General)  -  The  effect*  of  the  environmental  exposure  of  AM-350 
specimens  wore  apparent  only  after  post-exposure,  voom-tomperature,  tensile 
testa  had  bean  conducted  and  tho  tensllo-fracture  surfaces  had  been  examined 
microscopically.  In  the  four  instances  in  whioh  evidence  of  Type-(l)  and/cr 
Type-  (3)  corrosion  were  detected,  metallographic  examinations  of  the  crosu- 
aeotion#  failed  to  reveal  the  presence  of  any  reaction  products  in  tho  salted 
regions. 


i*AJ|  NO  \1 


It  should  be  noted  that,  as  the  data  in  Tables  XVI  and  XV  indicate,  no 

A  ffa  ♦  rt#  AAKttnoInn  a«  rrtv  tirnr  fmmr}  owrl  Wa  ♦  u>o  l/4n^I  a  «  <4  W«vi  ■*  aJ  Bnnnl  am  n 

of  AM-350  alloy  demonstrated  increased  strengths  after  being  exposed  to  the 
high  oycles  and  high  temperature.  ThiB  is  attributed  to  additional  aging  and  is 
substantiated  by  the  hardness  values  shown  In  Table  XVI.  Joining  had  no  effeot 
on  strength  after  exposure. 


AM  355  (Welded  and  Brazed)  -  Table  XVII  presents  the  environmental-test 
history  for  welded  and  brazed  AM-855  specimens.  Room-temperature  tensile 
testing  of  the  specimens,  following  environmental-test  exposure,  revealed  no 
degradation  duo  to  the  exposure  and  all  Bhowed  an  increase  in  tensile  strength. 
Specimens  exposed  to  the  higher  temperature  (800F)  exhibited  greater  strength 
increases  rolative  to  their  lower-temperature  counterparts.  Hardness  values 
Increased  correspondingly.  The  Increases  were  attributed  to  the  additional 
aging  which  resulted  from  exposure  at  the  test  temperatures. 


TABLE  XVII 

ENVIRONMENTAL-TEST  HISTORY:  AM-385  ALLOY  SPECIMENS 
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Upon  examination  of  the  fracturnri  snert  mfln  fi  a  ft  or*  foncllo  touHnrf  **/■%.  «*>!_ 
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dence  of  salt-corrosion  cracking  was  observed.  Furthermore,  microscopic  ex¬ 
amination  of  a  sampling  of  the  specimens  failed  to  reveal  any  evidence  of  corrosion 
cracks  or  of  microstructural  changes  in  the  salted  regions. 

The  data  in  Tables  XVII  and  XV  Indicate  that  there  was  no  effect  of  salt  on 

strength.  High  temperature  at  high  and  low  cycles  and  high  cycles  at  high 

temperature  increased  strength.  Joining  had  no  effect  on  strength  after  the 
joined  material  was  exposed, 

Visual  examination  of  the  brazed  specimens,  conducted  subsequent  to  en¬ 
vironmental  exposure,  revealed  uome  deterioration.  As  shown  in  Figures  33 
and  34,  the  braze  tended  to  separate  from  the  base  metal  around  its  periphery. 

This  effect  was  noted  in  salted  and  unsalted  specimens  at  both  exposure 
temperatures. 


Figure  33  Brasad  Speolmen  B-22  Prior  to  Tensile  Testing.  Note  Separation 
of  Brass  (arrow)  From  Parent  Metal.  (Environmental-test  con¬ 
ditions!  80 OF' ,  117  kai,  salt;  duration!  83  cycles)  (H-G3820) 

Magi  15X 


Figure  34  Bmtd  Speolmen  B-23  Prior  to  Tensile  Tatting.  Nota  Separation 
of  Bme  (arrow)  From  Parent  Matal.  (Environmental-test  con¬ 
ditional  600F,  130  ksl,  salti  duration)  63  oyolaa)  (H-63827) 

Magi  16X 

PH  18  -  TMo  (Waldad)  -  Tablae  XVm  and  XV  summarise  tha  envlronmental- 
taat  history  for  apaolmana  of  this  material,  All  apeolmana  ahowed  an  lnoraaaa 
In  strength  after  environmental  exposure,  the  higher  test  temperature  resulting 
In  the  greatest  strength  increase  and  also  an  inorease  in  hardness)  no  degrada¬ 
tion  due  to  the  applied  salt  was  apparent  and  no  lnstanoa  of  Type-(l)  and 
Type- (3)  oorroaton  o racking  was  found.  Joining  daoreassd  tha  strength  after 
high-temperature  exposure. 

PH15  -  TMo  (Brazed)  -  Table  XVIII  indicates  thatthere  were  fourbrared  speci¬ 
mens,  two  with  salt  patches  (C-21,  C-24)anritwo  without  (C-29,  C-30),  whioh  expe¬ 
rienced  oorrosion,  One  of  these  (C-30)  foiled  about  ten  oyolei  prlorto  Its  soheduled 
63  cyolasi  the  others  completed  their  soheduled  cyclio  testing.  Three  were  oyoled 
to  800F  and  one  (C-24)was  oyoled  to600F(but  at  the  upper  value  of  strwiei.  Salt¬ 
ed  specimen  C-21  exhibited  low  duotlllty  when  pulled  In  tension,  Failure  occurred 
out  of  th«j  braced  area  but  within  the  ealt  patch  (Figure  38).  Examination  of  He 
fracture  surfaces  followlngtenslleteet  revealed  a  small  dlsoolorod  region  at  the 


origin  of  fracture  (Figure  36).  Salted  specimen  C-24  Bhowed  evldenoe  of  localized 
discoloration  on  Its  fracture  surfaces  following  tensile  test.  The  fraoture  origi¬ 
nated  In  the  die'  dored  region,  which  was  at  the  edge  of  the  specimen  and  away  from 
the  salt  coating.  The  corrosion  was  In  a  region  which  had  apparently  been  stained 
by  a  material  known  as  "Green  Stop-off".  The  arrow  In  Figure  37  pointB  to  the 
origin.  This  material  had  been  applied  in  order  to  restrict  braze  flow  during  pre¬ 
paration  of  the  apeoimen.  Addltlonalcraoks  were  present  in  thia  stained  area  and 
are  shown  In  Figures  38  and  38. 


TABLE  XVIII 

ENVIRONMENTAL-TEST  HISTORY:  PHI 5  -  7Mo  ALLOY  SPECIMENS 
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Figure  36  Brttod  Specimen  C-21  After  Tenitle  Teet.  Arrow  Point*  to  Creek 
it  Fracture  Origin,  (Environment-tent  oondltlonn  800F,  130  kil, 
salt!  duration!  63  oycloi)  (H-04394) 

Magi  24X 
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Figure  37  Braced  Specimen  C-24  After  Tenelle  Teat,  Know  Polnta  to  Dla- 
ooloratlon  on  Fraoture  Surface.  (Environmental-teat  oondltlonai 
800F,  180  kal,  aalt;  duration!  68  cyolea)  (H-8489B) 

Magi  24X 
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Figure  38  Braced  Speolmen  C-24  Aftor  Tana  lie  Teat.  Arrowi  Point  to 

Cracka  In  Hark  Stained  Arena.  (Envlronmoutal-teet  oondltlonai 
800F,  180  kali  aalti  duration:  83  cyolea)  (H-04801 ) 

Magi  1SX 
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Flgura  30  BrtMd  Bptolmtn  C-84  Aft«r  Tanille  T««t,  Photo/nloragr»ph 
Through  Crack  In  Dark  Btalnad  Araa  Shown  In  Provloui  Klgura, 
(Envlronm«nUI-t«it  oondtttonii  000F,  100  kal,  aalti  duration) 

63  oyolaa)  {KP-aa\0-8) 


Etchant  i  Vlllala'a  Raagont 

NO  Qfl 


Magi  noox 


The  fracture  surfaces  of  the  two  unsaltcd  apoctmons  (C-29  and  C-30)  which 
also  experienced  corrosion  appear  In  Fiiruros  40  and  41.  dark  discolored  re¬ 
gions  being  tndtented  by  arrows,  The  oorroslon  cracks,  but  not  the  fractures, 
had  their  origins  In  those  regions,  whioh  again  were  in  the  area  of  the  applica¬ 
tion  of  Green  Stop-off,  Tho  dark  regions  also  oontoinod  numerous  irregular 
cracks  aligned  parallel  to  and  adjaoent  to  tho  fracture  surfaces,  aa  can  be  aeon 
In  Figures  42,  43,  and  44.  Speoimon  C-29  failed  away  from  the  braeed  area 
(Figure  45)  tn  post-exposure  tenstlo  testing,  while  C-30  fa  Hod  In  the  brane  dur¬ 
ing  environmental  testing  (Figuro  40), 


Figure  40 


CD 


Bm«d  Spaotmen  C-aa  After  Tamil*  T«it.  Arrow  Point*  to  Dli- 
ooloratlon  on  Fraotur*  lurfio*.  (Knvlroivmsntal-tmt  conditional 
800F,  130  kil,  no  salt;  durattoni  03  oyoloa)  (H-04108 

Mill  84X 


Figure  4 \  Brassd  Specimen  0-30.  Failed  During  B3th  Cycle,  \rrow  Points 
to  Dlsooloratlon  on  Fraoturs  lurfios,  (Environmental-test  Con¬ 
ditional  SOOFi  1U<<  ksI i  no  salti  aohsdulsd  duratloni  93  oyolrs) 

(H-04807)  Magi  94X 


HAdi  NO  (JJ) 


■W  Brazed  Specimen  030.  Failed  During  !33th  Cycle.  Arrows  Point 
U)  Cracka  In  the  Stained  Area.  (Enviramental-test  conditions: 
800F,  130  l<s l ,  no  salt;  scheduled  duration:  03  cycles)  (H-04893) 

Mag:  15X 


Figure  44  Brased  Speoimen  C-3C,  Failed  During  55th  Cycle,  Photomicro¬ 
graph  Through  Cracks  In  Stained  Area  Shown  In  Previous  Figure. 
(Environmental-test  conditions:  800F,  130  kal,  no  salt;  scheduled 
duration:  63  cyoles)  (EP-2108-7) 


Etchant:  Vlllela's  Reagent 


Mag-  5  00X 


Figure  45  Brazed  Specimen  C-29  Alter  Tensile  Test,  Shewing  Location  of 

Rupture,  (Environmental-test  conditions;  800F,  130  ksl,  no  salt; 
duration:  03  cycles)  (EP-2172-10) 

Mag:  10X 


Figure  40  Braaed  Specimen  C-30,  Showing  Looition  of  Failure,  Failed  Dur¬ 
ing  55th  Cycle,  (Environmental-teat  condition! i  BOOK,  130  kil, 
no  aalt)  aoheduled  duration!  03  oyolei)  (K P-2172-1)) 

Migi  1  ox 


NO  (]4 


Green  Stop-off  is  a  propriotary  commercial  product.  Chomloal  analysis  of 
u  oiimpla  indicated  that  it  contained  no  fluorides  or  sulphateB  and  only  a  traoe  of 
chlorides.  It  was  slightly  aoldic  (pH  5,4).  A  qualitative  apeotrographlc  analy¬ 
sis  made  on  a  sample  revealed  that  It  was  high  in  titanium  and  contained  trace 
amounts  of  aluminum  and  silicon.  The  manufacturer's  literature  Indicated  that 
the  material  had  a  lucquer  uaae.  Although  the  analysis  dtd  not  dtsolose  the 
presenco  of  any  constituents  whloh  were  deemed  to  be  oonduolve  to  corrosion, 

It  Is  not  known  if  the  Qreon  Stop-off  Influenced  the  oorroslon  which  was 
observed. 


The  tensile  strengths  obtained  for  the  two  non-brazecl  control  specimens 
(C-!K)  nm!  C-'IO)  nftor  exposure  to  800 F  wore  approxlmutoly  tlio  sumo,  oven 
though  one  waa  salted.  Thii  would  tndloate  that  the  salt  alone  had  no  effeot  on 
base-inotal  properties.  In  addition,  the  airengths  of  the  non-braaed  control 
specimens  were  oonalderably  greater  than  fhose  of  the  braied  specimens 
measured  after  exposure  to  800- F  conditions. 

An  unsxpossd  brase  specimen  <C-3«)(  whsn  tsnalle  tested  at  room  tompera- 
turs,  was  found  to  have  tonsils  strengths  oomparabla  to  those  of  spoolmens  ex¬ 
posed  to  the  000* ^temperature  condition*,  As  waa  the  oaae  for  welded  and 
braied  AM-350  and  AM-300  and  welded  PHIS  -  7Mo  specimens  dlsoussru  earner 
In  this  subssotlon,  ths  highsr  strengths  were  attributed  to  the  additional  aging 
whloh  ooourred  during  elevated-temperature  exposure.  Tables  XVTtl  and  XV 
indloato  that  corrosion  offsets,  not  necessarily  attributable  to  suit,  lowered  the 
strength  nt  SOOF,  but  not  at  bhOF.  High  temperature  inoreaaed  ths  strength  at 
high  oyoles.  No  effeot  of  oyoling  waa  found  at  low  temperature,  Joining  de¬ 
creased  the  strength  after  exposure. 

FH 14  -  BMo  (Welded)  -  Tables  XIX  and  XV  aummariae  the  environmental- 
teat  history  for  specimens  of  this  material,  Thera  ware  ne  instances  of  apeo- 
imon  falluro  during  oyotlo  testing,  nor  wars  there  any  indications  of  oorroaton 
cracking  when  specimens  wero  examined  following  post- exposure  tensile  test, 

As  was  experienced  with  the  throo  previously  discussed  alloys,  additional 
olevitod-temporature  aging  rosulted  It:  noticeable  strength  Inoreaise,  Salt  had 
no  apparent  effeot  un  the  alloy  In  Its  welded  form,  Welding  did  not  affect  tho 
strength  with  exposure, 
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PH14  -  8Mo  (Braaad)  -  A  altuatlon  aomawhat  analogoui  to  that  observed 
during  tha  invMtigation  of  braaad  apeoimana  of  PH18  -  7Mo  alloy  wai  found  to 
axl at  with  braced  apectmenc  of  PH14  -  8Mo  alloy.  Reference  to  Table  XIX  In- 
dlctatei  that,  of  tha  14  apaolmana  (12  braced  and  two  non-braied  for  oontrola), 
nlna  failed  during  oyollo  axpoaure,  The  five  apcolmana  (D-24,  D-2  7,  D-2  8, 
D-.iB  and  D-38)  whloh  oomplated  their  achedulad  number  of  oyolea  had  been 
aubjwted  to  tha  000-  F  tamporatura  lavali  nona  of  theae  wai  obaorved  to  have 
oorroaion  oraoka  on  examination  following  poat-expoaura  tanalle  texting  and 
oycllng  inoreaaed  the  atrenifth  at  thia  temperature.  Of  the  nine  apecimena 
whloh  failed  during  oyollo  testing,  all  but  one  (D~23)  had  been  aubjected  to  the 
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800- F  temperature  level  and  tour  (D-21,  D-29,  D-30,  and  D-34)  experienced 
corrosion  cracks.  Therefore,  no  comparison  can  be  made  of  the  strengths  at 
this  temperature.  Two  of  tne  iauer  group  were  oe.li.eu  (D-21  a  id  D-d-'.,  two 
were  unsalted  (D-29  and  D-30),  and  all  four  had  failed  In  less  than  t\.c  cycles  of 
exposure  at  800 F  and  had  many  irregular  crack*.  The  crack?  w.~™  parallel  to 
the  fraoture  surfaces,  as  shown  in  the  photographs  of  specimens  b-21  and  D-30, 
Figures  47,  48,  49,  and  50,  and  were  confined  to  a  region  which  was  discolored, 
apparently  by  Green  Stop-off.  Shallow,  blue  discolorations  were  observed  on 
the  peripheries  of  the  fracture  surfaces  (Figures  51  and  52).  There  were  no 
surface  cracks  or  discolorations  on  the  fracture  surfaces  of  the  two  unbrazed 
specimens  (D-39  and  D-40)  which  had  also  failed  prematurely  (In  less  than  two 
cycles).  All  fractures  were  of  a  ductile-shear  nature  and  none  originated  at  the 
Hhullow  discontinuities  which  were  observed.  From  the  several  findings  which 
have  been  referred  to,  the  conclusion  was  reached  that  the  ornck  Indications 
wore  of  the  corrosion  type,  although  not  necessarily  attributable  to  applied  salt 
since  unsalted  specimens  showed  similar  cracks.  It  was  further  concluded 
that  the  premature  failures  oould  not  bo  attributed  to  the  presence  of  tnolpient 
corrosion  craoks  inasmuch  as  a  non-bruzed,  unsaved,  oontrol  specimen  (D-39) 
had  also  failed  prematurely,  as  previously  mentioned.  As  waB  found  for  the 
brazed  PHltj  -  7Mo  specimens,  evldenoe  of  corrosion  was  apparent  In  both 
salted  and  unsalted  samples,  thus  preventing  evaluation  of  salt  effect  alone. 


Figure  47  Brazed  Specimen  D-21.  Failed  During  2nd  Cycle.  Arrow  Points 
to  Crack.  (Environmental-test  conditions:  SOOF,  148  ksl,  salt; 
scheduled  duration:  03  cycles)  (H-63829) 

Mag:  15X 
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Figure  48  Brazed  Specimen  D-30.  Failed  During  1st  Cyoie,  Cracka  Con¬ 
fined  to  Stained  Regions  (indicated  by  brackets)  on  Side  Opposite 
Braze.  (Environmental-test  conditions:  800F,  149  ksl,  no  salt; 
scheduled  duration:  03  cycles)  (H -04510) 

Mag:  J.3X 


PAOI  NO  flg 


Hirin'  ‘Id  Uruiod  Spuutmon  D-21),  Fallod  llurlng  2nd  Cyclu.  Phutomloro- 
graph  Through  Crnckod  Aron,  (Envlronmontal-toat  condition*: 
800F,  148  kal ,  no  salt;  scheduled  duration:  01)  ovoloi) 

(KP-2210-U) 

Etchant:  Villain's  Hougent  Mag:  fiOOX 


i‘AAt  NO 


rm 


Figure  S3  Braaad  Specimen  D-U,  Filled  During  let  Cycle.  Photomicro¬ 
graph  Through  Craoked  Ana.  (Environmental-test  conditional 
800F ,  14S  kit,  no  ealt i  ichaduled  duration!  03  cyotee) 

(Rp-auia-io) 


Etchanti  Vlllela'i  Reagent 


Magi  SOOX 


PAOIl  NO  ^0 


Figure  81  Brined  Speolmen  D-34,  Failed  During  Btul  Cyole.  Arrowa  Point 
to  Dtacoloritiona  or  Fracture  lutfaro,  (Environmental-teat  con¬ 
ditional  BOOFi  148  kali  aaiti  aoheduled  duration  10  oyolaa) 

(H-0HD18)  Mlgl  84X 


Figure  82  Braaod  L'peclmen  D-30,  Failed  During  lit  Cyole,  Arrowa  Point  to 
Dlauoloratlona  In  Frioture  Surface,  (Environmental-teal  oondltlonn 
floor,  t-lH  kil,  no  aaiti  aohodviluv.)  duration)  0M  oyolea)  (11-114817) 

Magi  24X 
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An  explanation  was  sought  as  to  why  the  welded  specimens  had  survived 
Ihelr  schturuled  oyclic  testing  whereas  the  brazed  specimens  had  not.  The  two 
non-welded  control  specimens  (D-19  and  D-20)  had  been  fabricated  from  the 
same  lot  jf  material  from  which  the  two  non-brazed  oontrol  specimens  (D-39 
and  D-40)  had  been  fabricated,  yet  the  non-welded  BpectmenB  successfully  com¬ 
pleted  63  cycles  under  tho  same  exposure  conditions  ap  the  non-brazed  speci¬ 
mens  had  been  exposed  to,  800 F  and  148  kst,  The  heat  treatments  for  tho  two 
pairs  of  controls  wore  different  (the  braze  controls  had  been  exposed  to  the 
1700- F  portion  of  the  heat-treat  cycle  In  vacuum),  but  the  material  hardnesses 
wore  determined  to  be  comparable:  Rockwell  C  47  for  weld  controls,  Rockwell 
C  40  for  braze  controls.  However,  ns  shown  in  Table  XX,  the  800- F  yield 
strengths  of  unoxposed  welded  and  brazed  specimens  were  quite  different,  both 
being  below  "typical"  values  reported  in  the  literature.  The  lower  strengths 
of  the  welded  specimens  were  attributed  to  the  weld  joint.  The  lower  strength 
of  tho  brased  PH14  -  8Mo  material  was  attributed  to  the  slower  cooling  rate  in 
the  vaouum-braelng  process.  Thus,  the  brazed  specimens  which  were  exposed 
tt  SOOF  and  148  ksl  were  stressed  approximately  twenty-five  per  cent  above  their 
actual  yield  strength,  aooounttng  for  the  premature  failures. 


TABLE  XX 

COMPARISON  OF  MECHANICAL  PROPERTIES  OF  TWO 
UNEXPOSED  WELDED  AND  TWO  UNEXPOSED 
BRAZED  SAMPLES  OF  PHH  -  SMo  MATERIAL 
(Busod  on  tensile  tests  at  SOOF) 
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history  for  specimens  of  this  material.  All  specimens  which  were  oycled  at 
1600F  completed  their  scheduled  number  of  oycles  without  failure.  When  they 
were  subsequently  temdle  ten  tad  at  room  temperature  and  their  fracture  sur¬ 
faces  were  examined,  there  was  no  evidence  of  salt  corrosion.  No  significant 
differences  in  tensile  strengths  due  to  cycling  were  evident,  for  the  specimens 
which  were  exposed  at  1600F,  Strengths  were  slightly  higher  and  ductilities 
were  lower,  compared  to  those  properties  for  unexposed  ma'erial.  Increased 
hardness  v  tluos  correlate  with  the  higher  observed  strengths. 


TABLE  XXI 

ENVIRONMENTAL-TEST  HISTORY!  HASTE LLOY-X  ALLOY  SPECIMENS 
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However,  of  the  eight  test  articles  (six  specimens  and  two  controls)  which 

tr»  n  tflmnflrfltnrft  nf  2000F.  R«v«n  fnllftri  h«fnr«  nnmnlnHncr  tV»<aiv» 

•i  v.  w  — ...  .  -  . *-  * - p - 

schedules  and  one  failed  during  preliminary  tensile  loading.  The  failures  were 
typloal  ductile  stress-rupture  breaks,  as  can  be  seen  from  the  photograph  of 
specimen  E-8,  Figure  53.  Metal  log  raphlc  examination  of  salted  and  unsalted 
specimens  revealed  no  significant  difference  In  the  degree  of  cracking  (Figure 
54),  Indicating  that  salt  had  little,  if  any,  effect  on  rupture  life.  There  was  no 
evidence  of  corrosion  in  any  of  the  specimens  tested  at  2000 F.  This  tempera¬ 
ture  at  applied  stresses  was  too  severe  for  this  alloy. 


Figure  53  Welded  Specimen  E-6,  Failed  During  ■'  Cycle.  Failure  Ooourred 
Outside  of  Weld  Region.  Note  Heduoe...  Cage  Seotion  Above  and 
Below  Marked  Wold  Region.  (Environmental-test  conditions: 

2000F,  2ksl,  salt;  scheduled  duration:  19  cycles)  (H-64085) 

Mag:  4.6X 
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Figure  54  Photomicrographs  of  Woldod  Specimens  E-l  (top)  and  £-14  (bottom) 
Specimen  E-l  Ruptured  In  50  cycles,  E-14  Survived  63-Cycle  Ex¬ 
posure.  (Environmental-test  conditions:  2000F,  lksl,  E-J.  with 
salt,  E-14  without  salt;  scheduled  duration;  83  cyoles) 

Etohant;  10%  Oxalic  (EP-:i21!3'  ■ 

(E  P-:i 
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I  (Brazed)  -  No  evidence  of  Type-(l)  or  Type- (3)  corrosion  in 
any  of  the  _d  specimens  was  detected.  However,  hb  Tables  XXI  and  XV  In- 
cllcuto,  salt  did  ducrease  the  ultimato  strength  and  ductility  of  this  alloy  at  both 
temperatures.  At  the  scheduled  inspection  of  2QOO-F  specimens  after  40  cycles 
of  environmental  testing,  It  was  observed  that  vory  littio  braze  metal  romalnod 
on  the  salted  material.  The  photographs,  Figures  SR  and  58,  show  a  typical 
salted  specimen  (E-21)  with  only  a  amull  region  of  braze  material  left  after 
exposure  at  2000F  for  40  cycles,  and  an  unsRltod  specimen  (IJ-29)  exposed 
under  the  same  conditions,  There  wns  no  apparent  reduction  in  braze  area  on 
those  specimens  which  were  toatod  at  lflOOF. 


Figure  85  Br&csd  Spool  moil  £-21.  Tasting  Tormlnstsd  After  40  Cyolss,  Rs- 
ntalns  of  Brsso  on  Surface.  (Environmontal-tsst  conditions!  3000F, 
1  kfli,  salt i  scheduled  duration,'  08  oyclos)  (H-03833) 

Msg!  15X 


Nau  no 


Figure  no  Draaed  Speolmen  E-8Q,  Teetlng  Terminated  After  40  Cyolee, 
Significantly  Mora  Braaa  Material  Ramilning  Thin  on  Saltsd 
Spool  man  Shown  In  Ptevloua  Figure,  (Environmantil-taat  oondi- 
tlonn  8000F,  l  kali  no  salti  aohadulad  duntlom  S3  oyolai) 

(H-G3834)  Mlgt  10X 


Ultlmnta  strengths  for  tha  two  braatd  ipeolmom  (K-31  and  E-S3)  expoaad 
at  8000 F for  40  cyolaa  wara  (14. 3  k«l  nnd  81,  It  kali  elongation*  for  the  lame 
specimen*  were  8%  and  84%,  Measured  valuai  of  thane  meohanioal  propertiea 
fov  the  two  unanltfd  spor'lnumi  (E-80  nnd  E-,10)  were  80,4  kal  and  04.0  kal,  and 
!IM%und  41%,  Tlio  relatively  low  vnluea  for  thr  salted  specimens,  oornparod  to 
thoao  for  their  unxaltod  counterparts,  were  attributed  to  the  more  extensive  sur- 
fut'p  cracks  (not  Type-(l)  or  Type-(M)  oorroalon)  which  occurred  In  theae  apao- 
Imens  (Figure  37),  Again,  aa  Tables  XXI  and  XV  Indicate,  Inuroueing  temper¬ 
ature  at  high  uyolea  and  Increasing  cycles  at  low  temperature  decreased  the 
strength,  Exposure  to  unit  nlao  decreased  the  strength  of  b rased  *poclm''v,s, 
Salt  appeared  to  affect  the  looatlcn  of  tenailo  failure  on  the  apeclmena  exposed 
at  aodor  for  03  uy dan  In  tlia  braaa  region  for  brurod  and  suited  apaolmana 
and  outside  the  bruce  region  for  bruied  and  unsulted  specimens. 
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Figure  57  Photomicrographs  of  Brated  Specimen  E-fll  (top)  and  E-26  (bottom) 
After  Tensile  Test.  Testing  Terminated  After  40  Cyoles,  (Envi¬ 
ronmental-test  oondltl one i  30 OOF ,  1  ksl,  E-21  with  salt,  E-20 
without  salt;  sohedulod  duration;  63  cycles)  (EP-223S-1)  (EP-2233-2) 


Etchant;  10%Oxallo 
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Rene  41  (Welded)  -  The  strength  characteristics  of  this  material  in  the 
welded  and  brazed  forme  appear  In  Tab’e  WIT.  Tt.  will  he  noted  that  none  nf 
the  tested  specimens  experienced  Type-(l)  or  Type- (3)  corrosion.  However, 
it  was  evident  from  the  test  experience  that  exposure  at  1800F  and  63  cyoles 
subjected  the  six  specimens  to  a  very  severe  condition;  three  of  the  six  test 
pieces  failed  in  stress  rupture  (Figures  58,  59,  60,  and  61)  before  completing 
the  scheduled  63  cycles;  and  the  tensile  strengths,  yield  strengths,  and  elonga¬ 
tions  of  those  specimens  which  survived  were  found  to  have  been  considerably 
reduced.  The  post-exposure-hardness  data  in  Table  XXII  indicate  that,  at 
1800F,  Rene  41  is  severely  over-aged.  The  three  specimens  (two  unsalted) 
which  completed  their  assigned  63  cycles  at  I800F  and  3  ksi  were  found  to  have 
numerous  cracks  (not  Type-(l)  or  Type- (3)  corrosion)  along  their  gage  lengths 
and  outside  their  weld  regions,  the  degree  of  cracking  being  greater  for  the 
salted  specimen  (Figure  62).  As  Table  XXII  indicates,  the  salted  specimen 
(F-l)  exhibited  ultimate  and  0.2%-yield  strengths  of  76.5  and  63.6  ksi;  elonga¬ 
tion  was  3%.  The  two  unsalted  specimens  (F-9  and  F-10)  exhibited  ultimate 
and  0. 2%-yield  strengths  in  exoess  of  100  and  70  kal,  with  an  elongation  of  9%, 
These  data  would  suggest  that  the  salt  compromised  the  strength  and  duottllty  of 
specimen  F-l,  The  speolmens  also  exhibited  considerable  neoklng  (reduction  of 
area),  as  can  be  seen  in  Figure  63,  on  post-exposure  tensile  test;  none  failed 
through  the  weld.  Figure  64  Is  a  view  of  one  fracture  surfaoe  of  the  speolmen 
shown  in  Figure  63.  The  dark  band  around  Its  periphery  was  observed  in  salted 
and  unsalted  specimens  exposed  at  1800F  and  is  oxide  discoloration, 

wo  welded  and  salted  speolmens  (F-5  and  F-fl)  were  exposed  at  1800 F 
and  a  stress  of  4  ksi  for  19  oyoles.  On  tensile  test,  these  showed  higher  values 
of  strength  than  did  either  the  salted  or  unsalted  ones  whloh  had  been  tented  at 
1800F  and  3  ksi  for  63  oyolea.  The  ipeolmene  whloh  wore  tested  for  the 
shorter  time  and  the  higher  stress  exhibited  slight  oraoklng  In  their  gage  sec¬ 
tions  and  failed  through  the  welds  when  pulled  to  destruction.  Apparently  the 
additional  44  oyoles  at  1800F  to  which  the  3-ksl-stress  speoimens  were  sub¬ 
jected  were  sufficient  to  cause  lnolplent  failure  In  the  parent  metal,  with  a  re¬ 
sulting  lowering  of  tensile  strength. 

Those  salted  speolmens  whloh  were  exposed  at  1600 F  did  not  deteriorate 
to  the  extent  that  those  exposed  at  1800F  did.  All  specimens  evaluated  at  160OF, 
salted  and  unsalted,  suffered  a  significant  loss  In  tensile  strength  and  ductility, 
ns  ovldcncod  by  the  values  In  Table  XXII  for  two  unexposed  samples  (F-16  and 
F- 17).  Thus,  It  was  Indicated  that  exposure  at  the  lower  temperature  (1600F» 
also  over-aged  the  Fentf  41  material,  although  hardness-value  changes  were 
slight.  However,  the  two  salted  specimens  exposed  at  1000  F  and  13  ksi  for  63 
oyoles  (F-3  and  F-4)  had  lower  tensile-property  valuee  than  the  two  whloh  were 
exposed  under  Identtoal  conditions,  but  without  salt  (F-ll  and  F-12),  As 
Tables  XXII  and  XV  Indicate,  salt,  temperature,  and  cycles  degraded  the 
material, 
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Figure  58  Welded  Specimen  F-2,  Failed  During  58th  Cycle ,  Failure  Ooourred 
Outaide  of  Weld  (Indicated  by  bracket!).  Note  Extensive  Stresa- 
Rupture  Craoklng.  (Environmental-teat  oondltionai  1800F,  3  kal « 
salt;  scheduled  duration:  63  oyoles)  (H-63830) 

Magi  7.5X 


Figure  58  Welded  Specimen  F-2.  Failad  During  B8th  Cycle,  Not*  Extensive 
Streas-Rupture  Craoklng.  (Environmental-teat  conditional  1800F, 

3  kal,  salt ;  scheduled  duration;  03  cycles)  (EP-2182-B) 

Etchanti  10  HN03  +  10  HAC  +  15  HCI,  +  05  H20  Magi  50X 


Flgur*  60  Control  Spaotman  F-19  (no  w*ld),  Fatl*d  Durtn*  01«t  Gyola,  Not* 
Extanatva  Str***-Ruptur*  Craoking,  (Envlronmantal-taat  oondl- 
ttonai  HOOF i  9  ksl,  no  salt)  ioh*dul*d  durationi  69  oyolai) 

(H-69138)  Magi  16X 


Flgur*  61  Control  Spaotman  F-flO  (no  w*ld).  Fnllad  During  61st  Oyola,  Not* 
Extanatva  9tr*aa-Huptura  Cracking,  (EnvlrojunanUMaat  condi¬ 
tional  ISOOF,  3  ksl i  salt i  aehadulad  durationi  68  oyolai)  (IM368T) 

Magi  lftX 
89 


PAdl  NO 


rigviro  na  Photumlorogrephi  of  Weldetl  Hpaolmena  i^a  (top)  «nd  F-n  (bottom), 
Specimen  F«a  Felled  During  listh  Cyol*,  F-P  Completed  (13  Cydoa. 
Note  Mora  ICxtenalve  Crooking  In  Specimen  F-a,  (ICnvIronmenUl- 
tait  ooiulltlonai  HOOK,  3  kal,  K-a  with  ailt,  F-l)  without  lilt; 
scheduled  duratloni  03  oydea)  (KM-ma-0)  (KM-83P3-8) 

Ktohunti  10  IINOjj  +  10  IIAC  +  ifl  net,  +  00  II  0  Megi  SOX 
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Figure  64  Welded  Specimen  F-l.  Dlaooloratlon  on  Periphery  of  Fracture 
Surfooe.  (Environmental-teat  conditions:  1800F,  3  kat ,  ealt; 
duration:  03  oyolea)  (H-04101, 

Magi  HX 

Rene  41  (Braeod)  -  All  aalted  apeoimena  of  thla  group  Buffered  oorroalon 
of  one  form  or  another.  Two  lnatanoea  of  Type-(l)  oorroalon  were  detected. 

Both  aamplaa  were  t'xpcaed  at  1  SOCFj  one  at  3  kit  for  63  oyolei  (F-22) ,  the  other 
At  4  kal  for  19  oyolei  (F-2G).  Photograph!  of  the  dtaoolored  reglona  are  ehown 
In  Flguroa  03  and  80.  Tensile  failures  were  located  within  the  braae  of  apaol- 
men  F-22  (Figure  07)  and  out  of  tho  braze  but  within  the  «alt  patch  or  F-20  (Fig¬ 
ure  68),  Extenatvo  aurfaoe  cracking  and  intergranular  oorroalon  (maximum 
dapth  0,084  inch)  waa  avtdarn  along  the  entire  gage  length  of  both  brand  and  nen- 
braaad  (control  apaolman  F-40)  aalted  rroolmene  axpoaed  at  1800F,  Thus,  thla 
oorroalon  waa  not  rietrlotad  to  the  email  regon  to  which  the  aalt  had  been 
applied.  The  two  unaaltad  apeoimena  exposed  at  1600F  (F-37  and  F-43),  although 
■  howlng  atgna  of  oxidation)  experienced  little  intergranular  craoking  (maximum 
depth  0, COS  Inoh),  Representative  photomlcrogrrpn*  'howlng  these  effecta  are 
presented  In  Figure  99,  The  two  salted  samples  tested  at  1600F  and  4  kal  for 
ID  cyolas  (F-83  and  F-29)  were  cracked  aomewhat  leas  severely  (maximum  dapth 
0,012  tnoh)  than  salted  material  tasted  at  1800F  and  3  kal  for  63  cycles  (F-21  and 
F-38),  Poit-expoaure  tensile  data  In  Table  XXII  alio  aubatanllato  thla  observa¬ 
tion,  Comparing  tho  lonalle  data  for  nailed  and  unaaltod  spealnu'ia  expoaed  at 
1800F  to  thoao  for  braeod  Ixtt  unexpoaod  material  (F-34  nnd  F-33),  It  lx  readily 
apparent  that  a  gross  dotorlorAtton  of  tenalle  alrength  and  duotlllly  occurred, 

Thla  la  not  aurprlalng,  ilnoe,  aa  waa  noted  with  welded  specimens  of  thla  alloy, 
at  HOOF  Rand' 41  rapidly  ovor-agoa,  llowovcr,  the  dotartoratlng  effect!  of  the 
synthetic  aaa  salt  At  thle  temperature  nre  also  readily  apparent  from  the  tensile 
dills,  the  longor-tlme-expoiure  specimen!  degrading  tho  moat,  Then  data  also 
reveal  that  the  unbrarod,  Bailed,  control  specimen  (F-40)  expoaed  for  03  cycles 
deteriorated  to  the  anmo  degree  as  Hi  bruited  nnd  aalted  count  or  part*  (F-21  and 


F— 22 ,  inchoating  that  the  pre&enoe  of  braze  material  had  no  apparent  effect  on  the 

uui  ruBiuu  iiiculumioiu. 


Figure  80  Brazed  Speolmen  F-22  After  Tenelle  Teet.  Arrow  Point!  to  rua- 
coloratlon  on  Fracture  Surfaoe,  (Environmental-teat  conditional 
1800F)  3  kai,  aalt)  durations  83  oyoloa)  (H-70aU8) 

Magi  SOX 
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Figure  60  Brnied  Specimen  F-3fl  After  T«n*U*  Teat,  Arrow  Point*  to  Dla- 
oolorktlon  on  Fracture  Surface.  (Environmental-teat  conditional 


l  If  OOF,  4  kj*  i  i  lult;  duration;  10  eyoloa)  (11- 7 1  > 

[  Magi  90X 
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Flgurt  07  Bmad  Ipeolman  r-88  After  Torn  lie  Teit,  Ihnwlng  LooUlon  of 
Rupture.  (KnvlronmrnUl-tMt  oondltlonm  HOOK,  !l  kel,  ailti 
dx.rtttton i  03  oyolei)  (ICP-'J  173-7) 

mrri  aox 
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Hiur«  01  Photomicrograph  of  Braaad  Ipcolman  r-80  Aftar  Tanalla  Taat, 
Showing  Location  of  Huptura,  (KnvIronmanUl-Uat  conditional 
tioor,  4  lm,  aalti  duration!  id  oyolta)  (lCP-aaiu-iO) 


Ktohanti  10  HNOa  +  10  MAC  +  IftllCL  +  88  IIjO  Magi  MX 


NAA»  NO  UQ 


Although  none  of  the  samples  exposed  at  1G00F  showed  evidence  of  local¬ 
ized  discolorations  on  their  fracture  surfaces,  n  corrosive  meohanisnvwas 

ouriuiniy  it*  upuruiiuii  tu  lmn  tc-mpCi'fitu  i'tse  Tills  lYiuOimuiom  wud  muiKitinv 

different  from  that  observed  at  1800  F.  Two  of  the  salted  samples  exposed  at 
JQOOF  (F-23  nnrl  i24 )  fnllnd  during  fmvirr>nrriF>ntn|  pvposure,  Examination  of 
tho  specimens  revealed  that  the  gage  thickness  ut  the  brn?.e-to-parent-metal 
interface  was  reduced  bv  approximately  58%  (Figure  70),  thuB  resulting  in  a 
stroas-rupturo  failure.  Tho  name  type  of  deterioration  (thickness  rcducod  47%) 
was  observed  in  the  two  samples  exposed  nt  IfiOOF  and  17  ksi  for  19  cycles 
(F-27  and  F-28),  but  tho  shorter  times  lnvolvrd  did  not  allow  stress  mpturo  to 
occur,  This  phenomenon  was  not  operative  In  the  unsnlteri  samplos,  nor  was  it 
found  in  suited,  Hencf— II  welded  wptv'imons  exposed  under  identical  conditions. 
Therefore,  at  KIOOF  salt  produced  severe  galvanic  corrosion  In  hrumi  Hpcct- 
maitH •  Ah  shown  in  Table  XX 11 ,  tho  unsaltod  specimens  exposed  at  1000 F  and 
13  kat  for  03  cyolos  experienced  a  Ion  In  tensile  strength  and  duotility  due  to 
the  tamporaturo  exposure  only,  Thus,  as  was  experionoed  with  the  welded 
■amplcs  of  thie  material,  1000- F  exposure  aleo  reeulted  in  over-aging  of  the 
alloy. 


Figure  7U  U rased  Ipeolmen  P-U4.  Failed  During  4ynd  Cyule,  Note  Oroes 

Heduotlnn  In  (lags  Section  Adjacent  to  arise.  (ICnvl  iHJtunanU  1-tent 
conditional  IBOOK,  111  kal,  silti  scheduled  dumdum  03  ovnl>s) 

(KI'-UOOl-l) 

Ktuhunli  10  IINCI.J  +  Id  MAC'  +  15  IliU,  4  (13  no  Mag,  »ox 


MAUI  Nil  <k  t 


In  summary  of  tha  results  dlacussod  above,  it  was  observed  that,  at  1800F, 

BMiiou  •po^unoiio,  buL'n  uruii'u  unu  unuruseo,  Buffered  extensive  tniergranuiar 

oorrosion  and  cracking,  with  resultant  loss  In  tensile  properties.  3Wo  In-  1 

stances  of  Type-(l)  corrosion  were  found  at  this  temperature,  At  1800F,  al-  \ 

though  no  evidence  of  Type-(l)  or  Type-(3)  corrosion  was  found,  the  brazed  and 

salted  specimens  suffered  severe  galvanic  corrosion.  This  type  of  corrosion  j 

was  not  evident  at  1000F  In  tho  weldod  specimens,  since  the  wold  filler  material 

was  parent  metal  Tables  XXII  and  XV  indicate  that  brazing  has  no  offoot  on 

strength  after  exposure. 

Udlmct  700  (Woldcxi)  -  Tables  XX11I  nnd  XV  summarize  the  tost  history  for 
this  mnterinl,  None  of  tho  welded  speeimons  experienced  salt  oorrosion,  al¬ 
though  til  of  those  tested  st  1800  K  and  one  of  thoss  tested  at  1800 F  failed  before  : 

oomplstton  of  scheduled  oyolto  oxposurs.  All  failures  were  of  the  brittle  type.  I 

Ths  results  of  tha  post- exposure,  room-temporaturo,  tenelle  teste  of  ths  five 
specimens  which  completed  their  scheduled  number  of  oyoles  and  the  menaured  j 

hardnesa  value*  of  all  specimens  indicated  that  the  material  had  baon  ovar-aged  i 

by  tha  exposure.  Macrophotographs  of  typical  fallad  apectmona,  salted  and  un-  j 

salted,  are  shown  in  Figures  71,  72,  and  73,  Based  nn  mtoroaxamtnatloni,  it  j 

could  not  be  suld  that  salted  specimens  wsr*  uraoked  more  severely  than  un- 
salted  material  (FUu re  74).  1 

i 

Out  welded  U-700  specimen  (0-8)  showed  evidenoe  of  sulfidation  in  tha  : 

form  of  a  light-gray  globular  phase,  The  arrow  in  Figura  78  points  to  sulftda 
particles  In  a  oroas  section  through  the  salted  region,  The  extent  of  sulfidation  j 

was  quite  limited.  Analysla  by  electron  mtorosoopy  verified  that  the  phaaa  waa  1 

chrome-rtoh  aulflds.  Ths  ipaolmsn  had  survived  Its  scheduled  exposure  of  88 
cycles  at  1600 F.  No  cracks  associated  with  tho  sulftdatlon  wort  found  on  j 

metallographlo  examination  of  tha  specimen,  | 

i 

This  Instance  of  sulfidation  was  confined  to  the  on»  welded  U-700  apectmem  j 

there  wae  no  evidenoe  of  sulfldailon  found  In  any  of  tha  specimens  of  the  other  j 

nine  materials  Investigated  In  the  program.  J 

i 

Udlmat  TOO  IMraasdl  -  Biased  specimens  experienced  s  dsgrsdatlon  In  over-  ! 

all  capability  ai  1  ©00 r  similar  io  that  found  In  ths  witdsd  speolmena,  The  sailed 
(0-81  and  O-BB)  and  unsalted  (O-Bli  and  Cl-37)  specimens  which  wore  sxuosed  si 
1POOF  «nd  11,0  ksl  failed  before  completing  the  scheduled  03  cycles,  Miuro- 
sxamlnatlon  revtsled  cracking  tu  be  inure  extensive  in  Hi*  two  salted  specimens 
(Figure  70),  The  two  salted  specimens  (0-110  and  Q-SB)  also  lestsd  st  1POOK 
but  al  0,0  ksl,  survived  their  scheduled  IP  cycles,  It  woe  ipparsni  from  the  testing  j 

of  both  wsldsd  and  hrsaed  specimens  that,  si  tha  maximum  exposure  temperature 
and  Urns,  ths  material  would  fall  In  atrais  rupture  before  the  presence  of  salt 
could  be  nf  significance, 

i 
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Fl|un7l  Wildid  Ipoolmtn  0-19«  Filled  During  Hit  Cyol*,  (KnvtronminUl 
Mat  conditional  WOOF,  a  kill  ulti  aohiduled  dunttoni  OB  oyolii) 

(SP-I1TI-0) 


Flgurt  TH  Wildiil  H(welm*n  tl-il,  ralltti  During  lAth  Cyola,  (KnvImimontiU 
toil  conditional  1POOK,  A  kali  nlti  luhadulad  duratluni  Ip  cycle*) 

(IMK1MH) 
Magi  Ilk 
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Pitfurn  7,1  WildrJ  Ntwolmin  U-0,  Killed  Uurli\f  Hard  Cyplt.  ^environmental- 
leat  I'aiidltlunni  luuOK,  H  kj|,  nunlti  aohiduled  dumtluni  Oil  Cycle!) 
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Flgur«  74  Photom lorogrtphi  nf  Waldtu  Sptelmeni  0-1  (top)  find  0-0  (bottom), 
Spoclmon  0-1  Fa'l«d  In  48th  Cyolo,  Q-0  tn  th»  S3rd  Cyolo,  (En- 
vlronmental-tMt  oondltion»i  1BOOF,  3  kni,  a-lwlthiolt,  0-0 
without  •  a  It  t  echodulod  durotloni  53  oyol*i)(EP-2233-4yKP-2a3J-3) 

Etohanti  10  HNO  +  10  HAC  +  15  HCL  +  03  HjO  Mig;  30X 
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Figure  7(1  Waldad  Bpaolman  0-3 .  Photomicrograph  Showing  JulfWIo  Partlolaa 
(arrowy  in  Croaa-Baotlon  Through  Balt  Itaglon,  (ICnvlronmcnUI- 
taat  conditional  1000K,  IM  !<al,  aalti  iluratloni  All  oyolai) 

(KM -DJI  BOA-1) 

Ktohanti  10  UNO  +  10  HAC  +  18  IICl.  +  08  II  0  M'»gi  1000X 


NO  (I  7 


figure  TO  Photomicrograph  of  Brand  Bpeoimena  O-ai  (top)  irnl  li-HT  (bottom), 
Specimen  0-81  failed  In  43rd  Cycle,  01-87  In  46th  Cyole,  (Knvl- 
ronmenUl-teet  conditional  100 or ,  3  kit,  O-ll  with  aa It,  cuot  with¬ 
out  aalti  eoheOuled  duratloni  OH  oyclea)  (lU'-aami-n)  (ilP-aaiip-d) 

Ktehanti  10  HNO,.  +  10  HAl'  +  16  HCL,  +  65  1IU0  Magi  40X 

a  a 

•**•»  NO  l)| 


All  four  brwtocl  and  saltod  apeclmona  exposed  at  1000K  survived  tliolr 
acliodulod  number  of  cyolofl  and  exhibited  lower  ultimate-ten* ll*»  *rr*>n;jth  •*»*] 
ductility  than  tho  unsnltod  lflOOK-oxpcstire  specimens,  The  lower  strength  was 
attributed  to  the  mere  extensive  cracking  (not  Typc-(l)  or  Type-(3)  corrosion) 
wltfvh  occurred  in  the  salted  specimen  (Figure  77),  As  was  true  fur  thoso  which 
had  been  tested  at  lSKiOF,  tho  lflOO-K-exposure  spBolmen*  evidenced  ovor-aglng 
(note  drop  In  hardness  values  given  In  Table  XXIII).  As  Table  XV  Indloates, 
oorroslon,  oycllng,  and  temperature  all  dograde  the  strength  of  brused  Udln\et  700. 


Figure  77  I’hutumlorograjihs  of  Mrasml  N|»cimsn*  0-11,1  (left)  and  tl-DU  (right) 
After  Tenstls  Test,  (tCnvInmiuimul-test  coiulltlunsi  ldOUF,  84  ksi, 
0-8!)  wltli  suit,  il -!l a  wttliout  Haiti  duratlom  (Ill  cycles)  (KP-ggiliMi) 

(FI'-gil.'IP-H) 

hitch  ant  i  UUINO,  +  10  IIA('  +  lh  MCI.  +  lift  II(Jt>  Msgi  8  DON 

il  fl 


HAit»  NU 


uu 


A  288  (Welded)  -  The  teet  hlatory  for  apeclmenii  of  thla  .Tutorial  appear# 

In  Table  XX7V.  No  evidence  of  Type-(l)  or  Type-0)  cnrroalon  wae  discovered 
following  environmental  tcetlnit.  Furthermore,  there  were  no  failure#  encoun¬ 
tered  In  the  oourae  of  auch  teetlng.  All  apoclmem  exposed  At  1200  F  exhibited 
an  tnoreaae  In  tenilte  atrength  compared  to  the  tonalla  strengths  of  unaxpoaed 
material  (H-ii  and  H-li),  This  waa  due  preaumably  to  additional  aging,  A 
trend  toward  Inoreaeed  hardnooa  value#  waa  alao  apparent,  The  two  aalted  apeol- 
mena  (H-l  and  H-0)  oxpoied  at  1200F  and  30  kal  allowed  aomnwhat  lower  tanatle 
■trengtha  than  their  unaalted  oounlerparta  (11-13  and  H-16),  although  no  aignirioant 
oraoklng  ooutd  ba  attributed  to  the  applied  ailt  (Figure  79),  All  four  apeotmena 
failed  through  tho  weld*  or  aubaequent  tenalle  teetlng  (Figure  70),  Salted 
apeotmena  evaluated  at  HOOF  for  OH  and  10  oyoian  had  eaaentlally  tho  aame  tenalle 
properties  aa  unealted  specimen#  teeted  at  800F  fnr  Oil  cycle#,  and  elan  a# 
unexpoard  material,  Thu#,  #1  tho  lower  tonipernUii'e,  anil  had  no  apparent 
nffaot  on  the  tenalle  propartlaa  of  the  alloy,  Table#  XXIV  and  XV  tnriloata  welding 
reduces  atrength  after  exposure, 
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rigurt  71  Photomlofufp»phi  of  Woltlad  Hpeolmoiu  ]|-a  (top)  aikI  ll-lii  (bottom) 
Aftor  Ttnalli  Till,  (Knvlroiimtnta)  OMpoauiH)!  moor,  110  kit,  II -a 
with  *ftlt,  11- lit  without  NAlti  iltinttlopi  01)  oyolei)  (KP-UiliiiM) 

„  .  ,  (i:i»-aa:iu-a) 

Ktchinti  nt1!,/ c?ity  on  Mttg,  nox 
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riguro  7l«  WoUlid  Spoolmw  ll-K  Aftir  Tamils  Tsit,  Showing  KupUiro  1. coition. 
(PlnvIronmontiMuit  oontlltlonii  laoui1',  III)  k*l,  «»Ui  tluratlum 
oaoyoioi)  <KP-ai7a-»> 

Migi  a  ox 


MAni  NO 


A  awfl  (Braaod)  -  The  braised  specimens  of  thin  alloy  exposed  at  800  F  per¬ 
formed  as  did  their  welded  counterpart*)  that  in,  strengths  and  duotilitles  of 
laltod,  unsalted.  10-  and  nn-ovole  *p*alm*n*  wen*  ***ani(aliy  (dantln*!  the 
values  of  those  properties  measured  on  unexposed  material  (li-SIG  and  11-27), 

In  addition,  the  two  unsalted,  braised  specimens  (H-S8  and  M-43)  evaluate  at 
1200F  and  30  kst  for  03  cycles  and  the  two  salted  specimens  (11-38  and  li-34) 
tested  at  1300F  and  38  kat  for  IP  cycles  showed  an  Inc  reuse  in  tensile  strength 
and  hardness  (Table  XN'IV),  Thus,  additional  aging  ocourred  during  snvtron- 
mental  exposure,  However,  the  two  braised  and  salted  specimens  (H-CS  and 
II  24)  exposed  at  1200F  and  30  k*l  for  03  cycles  experienced  n  decrease  in 
strength  and  ductility  aa  compared  to  their  unsalted  counterparts.  Although 
no  evidence  of  Type*  tl)  or  Type- (3'  corrosion  was  found  on  the  fracture 
surfacca  of  the  lower-sl rnnglh  samples  (or  any  other  namples  of  this  group), 
a  si  gnl  fin  nnt  niimuiil  of  surface  cracking  was  evident  subsequent  to  tonal  la 
testing,  as  shown  in  Figure  80,  'Hi*  majority  nf  tha  rupturea  ocourrad  cmtatde 
of  the  brand  area  (Figure  It},  Ai  Tablet  XXIV  end  XV  IndloaU,  oyollng  at 
both  high  and  low  tomperaiure  and  salt  it  high  lamparatura  raduoa  tha  atrangth 
after  exposure, 


Figure  to  Phntomlorujrapha  of  lirased  A -a«U  Hpeoimem  After  Tamila  Tael, 
Note  Severe  Cracks  (arrows)  In  Halted,  Drased  Area  of  Sample  11-24 
(left)  wul  Hound  llraao  In  Una  sited  Ham  pie  11-38  (right),  (Envi¬ 
ronmental-test  uumlitloiui  12 OOF i  III)  ha  I i  duration i  fl.i  oyolea) 

(K P-  1  SN7-H)  (KIM8H7-7) 
Ktohanti  ACIDIC  FeCL  Magi  2B0X 

tl 
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TAB  T.K  XXV 


KNVmONMKNTAl^TKS'f  HIMTOnYi  GItKKK«ABCOI/3Y  A  t.IOY  NPKCIMEN8 


■»* »  *» 

,  ,,  i.M 


NV  !  vt.'t  Wi  hOrt*t‘  .  -  I*  1 

.  p*«  i 'ill  Vi  hrV  t*i>  U**  \m  ■“  Hli.**W*  MMi 


t  it 

i  » 

i  H 


■t 


l  It 


feltl  Hi  '* 

■  i*  H*  m 

m  m 

blH  Wl  kti 

Mk*  *•  ** 

Hi"  ti  ;M 

Him  *•  l*» 

M‘t  *  i>» 

(Mil  I*#  ** 

►  t*4  »*  W 

l<M  HI  »* 

M«  III  *» 

*1* 


M 

II 


H  II 

II  I 

V  'I 

h  I 

tH 


4  jiCv“*' "  ‘ 

[MtH»  *l=#M» 

^.4  M|l  II  llU.kli, 

I  ,  »*  ll  l!  Wo  >  '4  M  4M 


'll  '» 


:H  ‘I 


.11  '* 

•II  Ml 

lU  >■’ 

.11  >11 

it'  "• 

'*4 
U 

HI  l» 

Hi  tl* 

ll  ill 

m  '  i 

ll  ll 


II 

II 

H 


* 

«R 


Oroak  Aaooloy  (Waldod  and  Brtiod)  -  Th«  tut  hlatory  of  this  mitorlil 
appaar*  In  Titbit  XXV.  No  ftlluru  during  oyollo  Hating  and  no  tndloattona  of 
null  oorroilon  woro  anoountamd.  Both  group*  of  ipaotmana  axhlbltod  tnoranaad 
yt*ld  *tr*ngthi  duo  to  thatr  *l*vatad»li»mp#r*tur*  axpoaura,  u  oomparod  to  tha 
yield  atrangtha  of  unaxpoaad  apacitiiona,  and  all  ruptured  out  of  tha  woldtd  or 
bwaad  araaa  (Ktguraa  IB  and  IN),  Hnwavar,  Tabla  XV  Indloataa  that  oorro> 
alon,  temparatuiUi  and  oyollng  did  not  affact  atrangth,  No  nun-braaad  nontrol 
apnutmana  am  raportad  tin  thla  alloy  baoauaa,  aftar  poal-aapoaura  tnnalla 
testing,  It  wna  ravaalad  by  a  hanlnaaa  ohaok  that  thaaa  bail  not  baan  taniparod. 
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KlfMtP  M  W«Ut«d  #p«lm*n  1*0  Altar  Tvnalli  Tut,  Nhowlng  Ituptura  Location. 
(Knvlronmontal-Uat  conditional  I00K,  as  kal,  aalti  duratloni  It) 
oyolaa)  (KP-H17IM) 

m«<i  aox 
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Kiiim)  SB  Untied  Bpsolmon  I-Bfl  Aftor  Tsnslls-Tsat,  Showing  Location  of 
ItapUirt:  (Knvlronmontal-tsst  condition*'  BOOK,  «a  hsl  salt, 
durst  Ion  i  lDuyolsi)  (KP-aiTS-lS)  Magi  4X 

TD  Nickel  fWsldsdt  ■  Thu  lost  history  for  apoclinum  of  this  material  ap¬ 
pears  In  Table  XXVI,  Nn  I  ns  tana  os  of  siren  oor»oetmi  woro  observed,  It  will 
ha  noted  that  all  four  spenlmona  tested  al  I  HOOK  felled  within  two  oyolei  and 
llml,  of  ih«  ala  teeled  at  SHOOK,  throe  failed  In  less  than  ten  oyrler  and  three 
were  removed  from  teal  liftin'  Inn  eyrie*  beenuee  of  eaoesalve  delet’lorallon  at 
llm  weld,  All  of  (lie  specimen*  whleh  tllil  not  anrvlve  for  ten  eyelre  failed  In  the 
welileil  region,  Figure  M-l  la  n  photograph  ahowing  the  fracture  aurfnne  of  a 
Ivplonl  failed  apeclmen,  Wheie  failure  wen r red,  aeparatlon  wna  at  the 
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Waspaloy  -  TD-nlokel  Interface,  as  shown  In  Figure  85.  The  failures  at  the  weld 
interfaces  were  not  anticipated,  When  a  tensile  test  was  oonduoted  at  room 
temperature  on  an  unexposed  welded  cpeMmen.  runture  oowurred  in  the  parent 
metal,  thus  demonstratltg  the  integrity  of  the  weld.  Also,  pre-iecl  ll  my  end 
sonic  inspections  had  not  detected  any  imperteottons  in  the  Joints.  However, 
several  of  the  unexpo«ed  welded  specimens,  when  examined  metallographloally, 
had  been  observed  to  have  Waspaloy  filler  material  in  the  "V"  grooves  of  the 
welds,  but  very  little  of  that  material  in  the  center  portions,  as  can  be  seen  in 
Figure  86.  The  combination  of  limited  heat  input,  to  avoid  agglomeration  of 
thoria,  and  the  restriction  on  expansion  imposed  by  the  welding  fixture  which 
forced  the  parent-metal  .aterfacea  together  during  welding,  prevented  sufficient 
Waspaloy  filler  material  from  entering  the  root  region.  The  specimens  were 
welded  using  state-of-the-art  techniques  available  at  the  time  the  work  speolfied 
by  the  Contract  was  performed. 

'  TABLE  XXVI 

ENVIRONMENTAL-TEST  HJBTORYi  TD-NICKEL  ALLOY  SPECIMENS 
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Figure  84  Welded  Specimen  J-4.  Fraoture  Surface  After  Failure  During  2nd 
Cycle.  (Envlronmental-teit  condlttone:  10OOF,  8  kit,  aalt;  aohed- 
uled  duration:  83  oyolei)  (H-63805) 

Mag:  13X 


Figure  80  Welded  Specimen  J-3.  Failed  During  let  Cycle  at  Wgjpaloy  -  TD- 
Nlc'.vel  Interfaoea.  (Environmental-teat  oondltlona:  1600F,  6  ket, 
•alt;  aoheduled  duration:  83  oyclee)  (EM-3074-2) 

Etchant:  5  gm  FeCl,  +  2  ml  HCL  +  89  ml  CH,.CH0OH  Mag:  50X 
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Figure  96  Welded  Specimen  J-19.  Photomicrograph  of  Seotlon  Through  Weld 
and  Parent  Metal.  (Specimen  not  subjected  to  environmental  teat) 

(EM-3074-1) 

Etchant!  5  gm  FeCL  +  2  ml  HCL  +  68  ml  CH0  CH„  OH  Mag!  SOX 

TD  Ntokel  (Brazad)  -  Of  tha  twelve  brazed  specimens  subjected  to  environ¬ 
mental  taatlng,  six  survived  and  six  failed,  none  due  to  salt  oorroalon. 1  This 
waa  a  aomewhat  better  performance  than  that  for  the  welded  apeoimsns,  aa 
would  be  expected,  becauae  there  waa  no  joint  in  the  brazed  specimen*.  All  of 
the  elx  survivor*  had  been  exposed  to  the  1600- F  condition. 

The  brazed  and  salted  apeclmens  expoaed  at  2000 F  experienced  significant 
metal  lose  in  the  brazed  area.  Those  whioh  ruptured  in  32  and  32.  3  cyolea 
(J-21  and  J-22)  were  more  severely  affected  than  the  two  which  survived  for  15 
and  18.0  cyolee  (J-25  and  J-26),  aa  shown  In  Figures  87  and  88.  A  photomicro¬ 
graph  of  specimen  J-21,  Figure  89,  revealed  little  oxide  eoale  in  the  area  of 
braze  depletion,  but  heavy  eoale  over  the  remaining  portlone  of  the  epectmen. 
The  maximum  ecale  depth  meaeured  was  0,008  Inch  on  one  side,  Brazed  -pec- 
Imene  exposed  at  2000F  without  salt  (J-29  and  J-30)  experienced  metal  loss  at 
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the  braze  -  parent -metal  Interface  only  (Figure  90),  Mloroexamlnation  revealed 

ilix*  _ 1  -A  4  l.  I  _  I  „  i _ #.  J  .  ...  « _  i  1  «  «  i  .  •  . « 
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braze  layer  itself  was  relatively  unaffected  (Figure  91).  Only  a  non-brazed, 
unaalted,  control  Rpooirnen  (J-99)  completed  its  scheduled  number  of  cycles  at 
the  2000- F  condition,  It  was  severely  ornoked  and  oxidized  (Figure  92).  As 
shown  In  Table  XXVI,  tensile  and  yield  strengths  were  stgnlfloantly  reduoed 
compared  to  those  for  unexposed  material  (J-S2  and  J- 33) .  Thus,  based  on  the 
aforementioned  evidence,  It  was  concluded  that  at  2000F  oxidation  of  the  base 
metal  reduced  the  strength  of  TD  nlokel,  but  the  alloy  formed  between  parent 
metal  and  braze  was  less  oxidation  resistant  than  either  the  braze  alloy  or  the 
undiluted  parent  metal.  The  salt  apparently  accelerated  deterioration  of  the 
alloy  formed  at  the  braze  -  parent-metal  Interface,  as  evidenced  In  the  photo¬ 
graphs  of  salted  and  unsalted  speotmens  referred  to  previously  (Figures  88  and 
60).  Thus,  extensive  oxidation  and  consequent  effective  thinning  of  the  brazed 
speolmens  increased  unit  stress  In  them  to  the  rupture  point. 


Figure  87  Brazed  Specimen  J-21.  Failed  During  32nd  Cycle.  Note  Extensive 
Metal  Loss  In  Brazed  Area  (bracket).  (Environmental-test  condi¬ 
tions:  2000F ,  4  kal,  salt;  scheduled  duration:  C3  cycles)  (H-63849) 

Mag:  ir>X 


Ftgur*  88  flr*t*d  8p*chn*n  J-25.  Fallsd  During  15th  Cyole,  Nota  Metal  Lo** 
in  Br#E«d  Ar«a  (braokat),  (EnvironmanUl-ta*t  condition*!  2000F, 

5  kal,  «*lt|  *oh*duled  duration;  19  cyolaa)  (H-93830) 

Mag:  1BX 


Figure  89  Brand  Specimen  J-21.  Failed  During  32nd  Cycle.  Note  Heavy 

Oxide  Soale  (arrow)  and  Brace  Depletion  (braoket).  (Environmental 
teat  conditional  2000F,  4  kal,  aelti  aoheduled  duration)  83  oyolee) 

(BP-2219-17) 

Etchant i  flgm  FeCla  +  2  ml  HCL  +  99  ml  CH0  CHft  OH  Magi  JOX 


Figure  DO  Braced  Specimen  J-29,  Failed  During  18th  Cyole,  Note  Metal  Loca 
at  Brace  -  Parent-Metal  Interlace  (arrow).  (Environmental-teat 
conditional  2000F,  4  kal.  no  salt;  acheduled  duration)  63  oyolee) 

(H-63861)  Magi  7.  6X 
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Ftgur*  91  Photomicrograph*  of  Braaad  Sp*otm*n  J-39,  Failed  During  lflth 

Cyolt,  Not*  Kxttnalvt  Oxidation  it  Brai*  -  Par*nt-M*tal  Interface 
(arrow,  top  photo)  and  Degradation  of  Alloy  Und*r  Braa*  (braoket, 
bottom  photo).  (Environmental-teat  oondltlonai  80Q0F,  4  kai,  no 
aalti  achetluled  duration i  63  oyolaa)  (EP-23i3-i)(EP-92l9-i) 

Etohant!  5  gm  FaClg  +  9  ml  HCL  +  89  ml  CHg  CHj  OH  Magi  260X 


Figure  92  ‘,ton-Bra«ed  Control  Speotmen  J-3B  Prior  to  Tenelle  Testing,  Not* 
Extenalva  Oxidation  and  Crooking.  (Environmental-teat  conditional 
2000F,  4  kali  no  aalti  duration:  63  oyolea)  (H-64191) 

Magi  7X 


Draaad  apeolmena  expoiad  at  1600  F  did  not  datarlorate  to  tha  axtant  ob- 
aarvad  at  2000F,  A  alight  acallng  waa  apparant  at,  tha  braaa  -  parant-matal 
tntarfaoa  In  aaltad  apaolmana  (Figure  93).  Tanalla  propartlaa 'of  aaltad  (J-23 
and  J-24)  and  unaaltad  (J-34  and  J-35)  apaolmana  axpoaad  at  1600F  and  8.0  kai 
for  63  oyolaa  wara  comparabla  to  aaoh  othar.  Thua,  aatt  had  no  affaot  on  the 
atrangth  of  the  apaolmana  at  thla  tamparatura,  nor  waa  Typa-(l)  or  Type- (3) 
oorroaion  obaervad.  All  apaolmana  axpoaad  at  1600F  axhtbltad  altghtly  lower 
tanalla  atrengtha  than  did  unaxpoaad  material  (J-32  and  J-33). 


B.  Non-Deatruotlva  Inapactlon 

Tha  non-deetruotlve-lnepeotion  mathoda  utilized  on  all  upeolmena  in  tha 
environmental  teat  program  aa  poaalble  aide  in  the  detection  of  oorroaion  In¬ 
cluded  radiographic  and  fluoreaoent-penetrant  tnapoctlona,  and  ultraaonlo, 
beta-ray-baokacatter,  and  elootrloal-conduotlvtty  meaauromenta  prior  to, 
during,  and  after  environmental  axpoaure.  The  reaulta  obtained  from  eaoh  of 
theaa  mathoda  are  preaented  for  eaoh  alloy  In  Tablea  XXV1J  through  XXXVI, 
and  are  dtacuaaed  briefly  below,  One  reaaon  for  the  wide  acatter  In  Inapectlon 
reaulta,  and  In  aome  Inatanoea  no  reaulta,  waa  the  heavy  acallng  of  the  exposed 
specimens. 


Figure  93 


Brtied  Speolmen  J-23  Prior  to  Tenalle  Testing.  Note  Light  Scaling 
at  Brate  -  Paront-Metal  Interfaoe  (arrows'.  (Environmental-teat 
conditional  1800F,  8  kal,  aalt;  duration!  63  eyelet)  (H-64190) 

Mag:  7X 
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NO,  IPJ 


NON  DESTRUCTIVE  T 


e-test  data  for 


Corrosion  was  visible  In  fourteen  specimens  following  tensile  testing, 

Tnese  were;  A-l,  A-3,  A-21,  A-34,  C-21,  C-24,  C-29,  C-30,  D-21,  D-?9, 

D-30,  D-34,  F-22  and  F-28.  Welded  Rene-41  and  A-286,  and  brazed  Ha  itelloy-X, 
Udlmet-700,  and  A-288  speolmeua  experienced  degradation  of  tensile  properties, 
but  no  Type-(l)  or  Type-(3)  corrosion  "'as  detected.  A  chart  summartz'ng  the 
findings  of  the  non-destructive  testing  of  the  fourteen  specimens  Is  presented  In 
Table  XXXVII.  Discussion  of  these  findings  follows. 


TABLE  XXXVH 


SUMMARY  OF  NON-DESTRUCTIVE -TEST  RESULTS  FOR 
SPECIMENS  EXPERIENCING!  TYPE-0)  AND  TY?E-(3)  CORROSION 
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1  Mi  toiu»4  an  liMble  w  •h*i»«**  «eUj 

lUdlographto  -  Ten  of  the  fourteen  apactroona  identified  above  were  in- 
speoted  radiographically  at  tntervala  In  thsh  scheduled  teat  programs.  Ths 
oihsr  four  specimens  fatlod  during  their  imrlsl  teat  oyolei,  Radiographs  of 
sight  of  ths  ten  failed  to  reveal  indications  of  oorroaloni  those  of  the  remulning 
two  specimens  revealed  Indications,  but  not  ths  discolored  craoks,  and  ths  post- 
sxpoours,  tsnalls-tnat  fallurs  locations  wsrs  not  coincldsnt  with  ths  Indications, 
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Fluorescent  Penetrant  -  Eight  of  the  ten  corroded  specimens  which  had 
been  Inspected  radiographically  were  also  examined  by  the  fluorescent-penetrant 
method  (post-exposure  Inspection  of  brazed  Ren£  41  was  waived  because  of 
heavy  surface  oxide).  Six  of  the  eight  evidenced  bleed-out,  but  not  at  the  dis¬ 
colored  cracks;  there  was  no  indication  for  two.  With  reference  to  the  latter 
two  speolmens,  failure  at  post-exposure  tensile  test  occurred  in  the  weld 
rogton  (the  region  which  was  covered  by  the  inspections),  As  for  the  remain¬ 
ing  six,  all  but  one  of  the  tensile-test  failures  occurred  outside  of  the  brazed 
region  where  the  bleed-out  was  located;  the  bleed-out  in  the  excepted  instance 
was  not  necessarily  associated  with  the  corrosion  ultimately  detected  after 
destructive  testing. 

Ultras onlo  -  Ultraaonlo  inspection  of  the  eight  specimens  referred  to  in 
the  preceding  paragraph  disclosed  one  specimen  with  an  indication  and  aeven 
without.  The  apeolmen  with  the  indication  failed  outside  the  Joint  region  at 
post-exposure  tensile  test;  01  the  other  aeven  specimens,  four  failed  outelde 
the  Joint  region  and  three  failed  inside. 

Beta-Ray  Backsoattsr  -  Analyst!  of  the  data  taken  by  this  method  failed 
to  reveal  any  correlation  with  the  findiege  of  either  the  other  non-deetruottve 
methods  or  post-exposure  tensile  testing. 

Hlectrtoal  Conductivity  ■  This  method  was  applicable  only  to  the  non- 
magnetic  alloy  speolmens,  Tht  only  non-magnet  to  alloy  axhlbtttng  Typa-(l)  cor¬ 
rosion  was  brasad  Ren 4  41.  As  shown  In  Tabls  XXXII,  slight  ohangaa  In  con¬ 
ductivity  readings  were  reoorded  for  the  two  specimens  exhibiting  oorroston 
(F-ia  and  F-36),  Howavar,  the  magnitude  of  ohangs  Involved  In  these  specimens 
was  considered  Insignificant,  as  ware  the  riauUs  for  other  non-magnitto  alloys 
wtdoh  exhibited  any  type  of  oorroilon, 

In  summary,  tt  may  be  stated  that  extensive  investigations  of  fiva  possibly 
useful  non-dsatruotive  methods  for  detecting  incipient  oorroston,  or  for  de¬ 
termining  degradation  of  properties,  revealed  that,  Insofar  aa  the  program 
oovured  by  this  report  was  oonoamad,  none  would  be  a  reliable  indloator  of 
lMlpiant  corrosion  or  property  degradation  in  parts  made  from  the  ten  alloys 
considered  In  (he  program. 
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C,  Summary  of  Results 


The  significant  results  of  the  testing  conducted  under  the  environmental  test  pro¬ 
gram  are  listed  below* 

(1)  The  alloys  whloh  exhibited  oorroslon,  the  typea  of  corroalon,  and  the 
temperatures  at  which  corrosion  was  found,  are  Indicated  In  Table 
xxx  vm. 


TABLE  XXXVin 

SUMMARY  OF  TYPES  OF  CORROSION  FOUND  FOR  ALLOYS  TESTED 


laail) 

t.ws  fat 

Tvcf  (31 

AM  aoo 

Weld 

800F 

800F 

800F 

AM  SSO 

Braae 

800F 

800F 

PHlfr*7Mo 

Braes 

eooF(b) 

800F 

PHM-BMo 

Braes 

•OOFW 

Hutalloy  X 

Braae 

sooof 

ieooF 

Rena  41 

Weld 

HOOF 

HOOF 

Reno  41 

Breve 

IBOOK 

HOOF 

HOOF(C) 

Udlmat  700 

Weld 

H00F(«>) 

Udlmat  700 

Braes 

HOOF 

A  aso 

Weld 

HOOF 

a  a  so 

Braae 

HOOF 

TD  Nickel 

Braae 

3000K(#) 

Notesi  (a)  See  Section  VI  for  identification  of  typte  of  ealt  oorroeion 

(b)  Corrosion  indications  wsrs  found  on  both  salted  and  unsalted  sped- 
mene  in  the  areas  affected  by  the  braving  prooeee 
(o)  Ualvenlo  oorroeion  was  evident  on  braaed  and  aalted  epaotmans 
(d)  Evldenoe  of  aulfldatlon  on  one  speoimen 
(•)  Salt  aooalarated  daterloratlon  at  brass  -  parent-metal  tnterfaoa 
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ThrA.C  typCS  cf  corro^ior*.  V'?  nhn  a  rv  a  H  In  tA  Rf  r  ha  n  i  rn  Ari  fl  • 


Type  (1)  Evidenced  by  loo&llzcd  discoloration  on  the  fracture  surface, 
indicating  the  existence  of  a  crack  during  exposure  of  the 
specimen  to  elevated  temperatures. 

Typo  (2)  Evidenced  by  post-exposure,  room  temperature,  tensile- 
property  degradation. 

Type  (3)  Evidenced  by  unusual  cracking  during  post-exposure,  room 
temperature,  tensile  testing. 

(3)  Four  other  types  ol  corroalon  were  observed  In  test  specimens: 

1.  PH  15-7  Mo  and  PH  14-8  Mo  brazed  apeolmena,  both  salted  and 
unsalted,  were  corroded  In  regions  where  Oreen  Stop-off  had  been 
applied, 

2.  Oalvanlo  oorroalon  was  found  on  brazed  and  e -‘.ted  Rene1  41  speci¬ 
mens  tested  at  1600F. 

3,  Evldenoe  of  sulfidation  was  found  on  one  Udlmet  700  welded  speci¬ 
men  tested  at  1600F. 

4,  Salt  aocelerAted  the  deterioration  of  the  alloy  formed  at  the  braze- 
parant  metal  Interface  of  TD  nickel  apeolmena  tested  at  2000F, 

(4)  The  stainless  stesls  (AM  350,  AM  355,  PH  15-7  Mo  and  PH  14-8  Mo) 
were  not  susceptible  to  Type  (2)  salt  oorroilon.  The  superalloys,  ex- 
ospt  for  Greek  Asooloy  and  TD  nickel  were  susoeptlble  to  Type  (2)  salt 
oorroalon. 

Only  AM  350  and  brazed  Reno*  41  were  susoeptlble  to  Type  (1)  or  Type 
(3)  salt  oorroslon, 

Rene'  41  over  aged  at  both  test  temperatures,  10OOF  and  1800F. 

Welded  TD  nlokel  specimens  felled  prematurely  because  of  lack  of  pone- 
tratlon  In  the  weld, 

(5)  The  rocm-lcmperature  tensile  strengths  of  welded  end  brazed  AM  350, 
AM  350,  PM  15-7  Mo,  PH  14-8  Mo,  and  A-286,  Inoreased  during  expo¬ 
sure  to  elevated  temperature,  with  larger  Increases  occurring  at  the 
higher  temperatures.  This  Indloates  that  additional  aging  occurred 
during  environmental  exposure. 


AAC5I  NO 


ISO 


(G)  For  tlio  juinou  mid  aaiieu  materials  listed  ueiow,  uie  post-exposure 
room -temperature  tensile  strengths  decreased  with  Increasing  expo¬ 
sure  temperature. 


Braced  Hastolloy  X 
Welded  Rene'  41 
Brazed  Udtmst  7  00 

(V)  The  strengths  of  the  following  weldod  and  c:  azed  materials  were  less 
after  exposure  to  the  higher  temperature  for  03  cycles  with  salt  than 
were  the  strengths  of  unjoined  materials. 


Welded  AM  355 

Welded  and  brazed  PH  15-7  Mo 
Brazed  Hastelloy  X 
Brazed  Rene*  41 
Welded  A-286 
Brazed  A-288 

(8)  No  significant  correlation  waa  found  between  non-destruotive  tnapectlon 
data  and  the  oorrosion  observed  as  a  result  of  post-exposure  tensile 
testing, 

(9)  Table  XXXIX  presents  wh&t  are  considered  to  be  acceptable  design 
limits  for  the  ten  alloys  when  welded  and  brazed  parts  made  from  them 
are  to  be  exposed  to  a  salt  atmosphere.  Those  limits  are  based  on  sur¬ 
vival  of  all  tost  speolmtms  during  environmental  exposure  at  the  condi¬ 
tions  ilsted  In  the  table. 
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ACCEPTABLE  DFSTGN  UMITS  FOR  ALLOYS  COMPLETING 
ENVIRONMENTAL  EXPOSURE 


Material  and  Joint 


AM  350 

Weld 

Braze 

AM  356 

Weld  and  Braze 

PH15-7MO 

Weld 

Braze 

PH14-8MO 

Weld 

Braze 

Haatelloy  X 

Weld  and  Braze 

Rant  41 

Wald 

Braze 

Udlmet  700 

Wald 

Braze 

A  286 

Weld  and  Braze 

Greek  Aacoloy 

Weld  and  Braze 

TD  Nickel 

Braze 

Streia  Level 
(lull) 

Temperature 

(F) 

117 

800 

132 

GOO 

132 

60C 

117 

800 

130 

600 

ISO 

800 

160 

600 

160 

600 

148 

800 

160 

600 

160 

600 

3 

1600 

3.5 

1600 

4 

1800 

13 

1600 

17 

1600 

S 

1800 

4 

1800 

17 

1600 

39 

1600 

5 

1900 

34 

1600 

29 

1600 

30 

1200 

35 

1200 

83 

800 

83 

800 

95 

800 

8 

1600 

9 

1600 

VII 


REPAIR  BY  WELDING  AND  BRAZING 


It  hod  been  planned  to  evaluate  welding  and  braatng  a*  mean«  of  repair  of 
specimens  whloh  had  been  weakened  by  oorroalon  resulting  from  severe  environ¬ 
mental  conditions,  provided  that  the  degradation  was  not  too  Bevere.  Thte  ae- 
aumod  the  following: 

(1)  That  any  degradation  of  properties  would  be  accompanied  by 
Typo-(l)  BUlt  corrosion  or  other  evidence  of  corrosion; 

(3)  That  non-destruottve  inspection  method*  could  looate  thee* 
evidences  of  oorroston; 

(3)  That  areas  of  oorroston  oould  be  removed  end  replaced  by 
weld  or  brase  material!  and 

(4)  That  the  repaired  specimens  could  then  be  tenalle  tested  to 
measure  their  properties, 

No  repair  work  was  possible  beoause  no  correlation  was  found  between  de¬ 
gradation  of  properties  (Type-(a)  corroelon)  and  any  other  typo  of  oorroslon;  no 
nou-destruotlva  inspection  method  was  found  for  poaltlvely  locating  evidence  of 
Incipient  corroaloni  and,  In  the  oasis  where  vlelble  oorroalon  was  evident,  suoh 
corroelon  was  too  extensive  for  repair, 


NO 
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CONCLUSIONS  ANn  RECOMMENDATIONS 


The  following  conclusions  are  based  upon  the  results  of  the  testing  reported 
herein  and  are  limited  by  the  specifications  of  such  testing. 

1.  Welding  decreases  the  post-exposure,  room -temperature, 
tensile  strenghts  of  PH15  -  7Mo,  A  280,  and  TD  Nickel 
(bnsod  on  ummltod  spoolinons  at  maximum  temperature  and 
number  of  cyoles);  It  does  not  affect  AM  300,  AM  3GG,  PH14  - 
8Mo,  and  Greek  Asooloy;  and  Its  effeots  on  Haitslloy  X, 

Rsnd’ 41,  and  Udlmst  700  are  uncertain, 

3,  Braslng  deoreaies  the  post-exposure,  room -temperature, 
tensile  strenghta  of  PHIS  -  7Mo,  Udtmet  700,  and  TD 
Niokel  (baaed  on  unealted  specimens  at  maximum  temper¬ 
ature  and  number  of  cyulnsi;  It  does  not  effeot  AM  355, 

Hastslloy  X,  Rtne  41,  and  A  286 ;  and  Its  affeota  on  AM 
350,  PH  14  -  8Mo,  and  Creak  Asooloy  are  uncertain. 

3,  Welding  results  In  the  suaoeptiblUty  of  AM  350  to  Type-(l) 
and  Type-(3)  corrosion  at  maximum  temperature  and  number 
of  oyolest  it  doos  not  have  this  offeot  on  the  other  Investigated 
materials, 

4,  Braslng  reeulte  In  the  suaoeptiblUty  ol'  AM  350  and  Ren4  41 
to  Type-(l)  and  Typa-(3)  corrosion  at  maximum  temperaturo 
and  number  of  oyolaa;  Us  offeot  In  this  reepoot  on  Qreek 
Asooloy,  TD  Niokel,  PH15  -  7Mo  and  PH14  -  8Mo  te  unoortalni 
and  It  has  no  such  effeot  on  the  other  Inveatlgated  materials, 

5,  AM  350,  Hastolloy  X,  Reno  41,  Udlmot  700,  A  280,  and  TD 
Niokel,  In  the  braced  form,  are  moro  susceptible  to  aalt 
corrosion  than  In  tho  woldod  form. 

0.  Corrosion  of  brazed  PH10  -  7Mo  and  PH14  -  8Mo  1s  causod 
by  the  materials  assoolatod  with  tho  bracing  process, 

7.  Sulfidation  of  tho  lnvoetlgatod  nlokol-base  alloys  Is  not  sig¬ 
nificant  under  tho  evaluation  oondltlons. 

8.  TD  N'lokol  must  In  coatod  for  uso  at  20001'  In  air. 


»*AQI  SO  iqii 


9.  Repair  of  salt  corrosion  in  the  alloys  which  were  tested  is 


n r\t  foQ  a  \  V\1  n 


10.  The  non-destructive  testing  techniques  used  are  not  effective 
in  detecting  corrosion  of  the  types  which  were  experienced. 

The  following  recommendations  arc  made  for  any  follow-on  work  to  this  program. 


1.  Measurement  of  strain  which  occurs  during  environmental 
exposure. 

2.  Exploration  of  lower  temperatures  and/or  stress  levels 
for  materials  whioh  failed  during  environmental  exposure, 
to  establish  design  limits. 

3.  Investigation  of  the  individual  and  oombined  effects  of  the 
materials  associated  with  the  bracing  processes. 

4.  Testing  of  TD  Nickel  in  the  coated  condition. 

» 

5.  Determination  of  the  temperature  limits  within  which  gal- 
vanic  oorrosion  will  occur  in  braned  Rend’  41  in  a  salt  n- 
vironment. 
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